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Résumé 
 Le cycle cellulaire est hautement régulé par la phosphorylation réversible de plusieurs 
effecteurs. La kinase dépendante des cyclines Cdk1 déclenche la mitose en induisant le bris de 
l’enveloppe nucléaire, la condensation des chromosomes et la formation du fuseau mitotique. 
Chez les animaux métazoaires, ces évènements sont contrés par la protéine phosphatase PP2A-
B55, qui déphosphoryle plusieurs substrats de Cdk1. La kinase Greatwall (Gwl) est activée par le 
complexe cycline B-Cdk1 en début de mitose et induit ensuite l’inhibition de PP2A-B55 via 
Endos/Arpp19. Toutefois, les mécanismes moléculaires qui régulent Gwl sont encore peu connus.  
Nous avons montré que Gwl a une activité s’opposant à PP2A-B55, qui collabore avec la 
kinase Polo pour assurer l’attachement du centrosome au noyau et la progression du cycle 
cellulaire dans le syncytium de l’embryon de la drosophile. Ensuite, nous avons trouvé dans des 
cellules de drosophile que Gwl est localisée au noyau pendant l’interphase, mais qu’elle se 
relocalise au cytoplasme dès la prophase, avant le bris de l’enveloppe nucléaire. Nous avons 
montré que cette translocation de Gwl est cruciale pour sa fonction et qu’elle dépend de la 
phosphorylation de plusieurs résidus de la région centrale de Gwl par les kinases Polo et Cdk1. 
Cette région centrale contient également deux séquences de localisation nucléaire 
(respectivement NLS1 et NLS2). De plus, nos résultats suggèrent que la phosphorylation de Gwl 
par la kinase Polo promeut sa liaison avec la protéine 14-3-3İ, ce qui favorise la rétention 
cytoplasmique de Gwl. Le rôle de Cdk1 dans cette translocation reste quant à lui inconnu. De 
plus, nous avons montré que le complexe cycline B-Cdk1 entre dans le noyau avant que Gwl ne 
soit transportée dans le cytoplasme. Cdk1 pourrait donc activer Gwl et phosphoryler ses substrats 
nucléaires, à l’abri de PP2A-B55 qui est largement cytoplasmique. Gwl est ensuite exclue du 
noyau et relocalisée dans le cytoplasme afin d’induire l’inhibition de PP2A-B55. Cela permet de 
synchroniser les événements de phosphorylation se produisant dans le noyau et dans le 
cytoplasme. Fait intéressant, un mécanisme de régulation de la localisation de Gwl similaire à 
cela a été découvert chez l’humain et chez la levure, suggérant que ce mécanisme est conservé 
entre différentes espèces.   
 
Mots clés: Greatwall (Gwl), Cycline B-Cdk1, PP2A-B55, Cycle cellulaire, Mitose. 
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Abstract: 
Reversible phosphorylation of proteins, triggered by cyclically activated kinases and 
phosphatases, is a key mechanism to control cell cycle progression. CyclinB-Cdk1 is a crucial 
kinase phosphorylating a large number of substrates to trigger mitotic entry. However, in 
metazoans, it is counteracted mainly by a Protein Phosphatase 2A carrying the B55 regulatory 
subunit (PP2A-B55). On the other hand, the Greatwall (Gwl) kinase is activated by CyclinB-
Cdk1 upon mitotic entry and subsequently induces the inhibition of PP2A-B55 by Endos/Arpp19, 
thus promoting mitotic entry and maintenance. Nonetheless, the regulatory mechanisms of Gwl 
are less clear.  
We demonstrated that in Drosophila syncytial embryos, PP2A-B55 is negatively 
regulated by Gwl, but collaborates with Polo kinase to ensure both nucleus attachment of 
centrosome and faithful cell cycle progression.  Later, we discovered that in Drosophila, the 
subcellular localization of Gwl changes dramatically throughout the cell cycle. Gwl is nuclear in 
interphase but suddenly becomes mostly cytoplasmic in prophase before nuclear envelope 
breakdown.Such translocation is important for Gwl’s function and requires the phosphorylation 
of Gwl by both Polo kinase and Cdk1 in the region containing two Nuclear Localization Signals 
(NLSs). Phosphorylation of Gwl by Polo likely promotes its association with14-3-3İ thereby 
promoting Gwl cytoplasmic retention, whereas Cdk1’s role in this translocation remains elusive. 
Moreover, I found that most cyclin B is imported into the nucleus before Gwl translocates to the 
cytoplasm. Therefore, Cdk1 can activate Gwl and phosphorylate its nuclear substrates without 
the perturbation of PP2A-B55 which is largely cytoplasmic. Subsequently, Gwl translocates into 
cytoplasm to mediate the inhibition of PP2A-B55 so that the phosphorylation events can be 
synchronized between the nucleus and the cytoplasm. Interestingly, similar spatial regulation of 
Gwl was also uncovered in mammal cells and in yeast, implying a conserved regulatory 
mechanism across species.  
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EHFDXVHLWVWURQJO\DQWDJRQL]HVWKHSRWHQWFROODERUDWRURI3RORņ33$7ZVZKHUHDV3RORPLJKW
EHDSRWHQWLDOUHJXODWRURI*ZO7KXV,FDUHIXOO\VWXGLHGWKHLQWHUSOD\EHWZHHQ3RORDQG33$
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GHPRQVWUDWHGWKDW3RORFROODERUDWHVZLWK33$7ZVWRHQVXUHFRUUHFWFHQWURVRPHVDWWDFKPHQWWR
QXFOHL DQGQXFOHL GLYLVLRQV:HDOVR VKRZHG WKDW*ZO DQWDJRQL]HV33$7ZV LQERWKPHLRVLV
DQGPLWRVLV
,Q&KDSWHU  ,SUHVHQWHGP\ZRUNSXEOLVKHG LQ7KH-RXUQDORI&HOO%LRORJ\ LQ
ZKHUH,IRXQGWKDWWKHORFDOL]DWLRQRI*ZOLVQXFOHDULQLQWHUSKDVHDQGVXGGHQO\EHFRPHVPRVWO\
F\WRSODVPLF LQ SURSKDVH EHIRUH QXFOHDU HQYHORSH EUHDNGRZQ 1(%' 6XFK WUDQVORFDWLRQ LV
LPSRUWDQWIRU*ZO¶VIXQFWLRQDQGUHTXLUHVWKHSKRVSKRU\ODWLRQRI*ZOE\ERWK3RORDQG&GNLQ
WKHUHJLRQFRQWDLQLQJWZR1XFOHDU/RFDOL]DWLRQ6LJQDOV1/6V3KRVSKRU\ODWLRQE\3ROROLNHO\
SURPRWHV WKH ELQGLQJ RI*ZO WR İZKLFK VXEVHTXHQWO\ WDUJHWV*ZO WR F\WRSODVP , DOVR
IRXQGWKDW&GNUHJXODWHV*ZOWUDQVORFDWLRQIURPWKHQXFOHXVWRWKHF\WRSODVP
,Q&KDSWHU  , GLVFXVVHG VRPHPDMRU TXHVWLRQVZKLFK KDG QRW EHHQGLVFXVVHG LQ RXU
SXEOLVKHGDUWLFOHVEXW\HWUHPDLQWREHFODULILHG,DOVRGLVFXVVHGVRPHUHFHQWEXWVWLOOSUHOLPLQDU\
UHVXOWVREWDLQHGGXULQJWKHUHGDFWLRQRIP\WKHVLV)LQDOO\LQWKHSHUVSHFWLYHVHFWLRQ,GHVFULEHG
H[SHULPHQWV ZKLFK FDQ EH SHUIRUPHG WR IXUWKHU DGYDQFH RXU NQRZOHGJH IROORZLQJ WKH
DFFRPSOLVKHGZRUN
1RSODJLDULVPGHWHFWHGLQWKLVWKHVLVXQLTXHFRQWHQWWHVWHGZLWK
KWWSVPDOOVHRWRROVFRPSODJLDULVPFKHFNHU 
4

 7KHFHOOF\FOH
$OOOLYLQJRUJDQLVPVDUHPDGHRIDEDVLFVWUXFWXUDODQGIXQFWLRQDOXQLWņWKHFHOO0DQ\
PXOWLFHOOXODURUJDQLVPVDUHGHYHORSHGIURPRQHVLQJOHIHUWLOL]HGFHOO7KHFXUUHQWHVWLPDWLRQRI
WRWDO QXPEHU RI FHOOV LQ D KXPDQ ERG\ LV î >@0RUHRYHU QHZ FHOOV DUH FRQVWDQWO\
JHQHUDWHGWRUHSODFHROGRQHVDWDUDWHRIPLOOLRQVSHUVHFRQG6XFKWUHPHQGRXVSUROLIHUDWLRQLV
HQVXUHGE\DIXQGDPHQWDOSURFHVV WKHFHOOF\FOH7KH&HOO F\FOHFRQVLVWVRIDVHULHVRIKLJKO\
UHJXODWHGHYHQWVOHDGLQJWRWKHGLYLVLRQRIRQHPRWKHUFHOOWRWZRJHQHWLFDOO\LGHQWLFDOGDXJKWHU
FHOOV,QHXNDU\RWHVWKHFHOOF\FOHLVFRPSRVHGRIWZRPDLQVWHSVLQWHUSKDVHGXULQJZKLFKFHOO
JURZVGRXEOHVLWV'1$DQGSUHSDUHVPDWHULDOVIRUFHOOGLYLVLRQDQGDQ0SKDVHPLWRVLVSOXV
F\WRNLQHVLVGXULQJZKLFKWKHUHSOLFDWHG'1$LVHTXDOO\GLVWULEXWHGLQWRWKHWZRGDXJKWHUFHOOV
,QWKHSDUDJUDSKVEHORZ,ZLOOGHVFULEHGLIIHUHQWSKDVHVRIWKHFHOOF\FOH
,QWHUSKDVH
$VPHQWLRQHGDERYHLQWHUSKDVHLVWKHSKDVHGXULQJZKLFK'1$UHSOLFDWLRQWDNHVSODFH7KH
FHOO F\FOH VSHQGV PRVW RI LWV WLPH LQ LQWHUSKDVH ,Q D FDQRQLFDO FHOO F\FOH LQWHUSKDVH FDQ EH
GLYLGHGLQWRWZRJDSSKDVHV*DQG*DQGRQH'1$V\QWKHVLVSKDVH6)LJXUH
)LJXUH7KHFHOO F\FOHSKDVHV7KHFHOOF\FOHKDVWZRPDMRUSKDVHV LQWHUSKDVH WKHSKDVH
WDNLQJ SODFH EHWZHHQ GLIIHUHQW
PLWRWLFHYHQWVDQG0SKDVHGXULQJ
ZKLFK D QXFOHDU GLYLVLRQ PLWRVLV
LV IROORZHG E\ D F\WRSODVPLF
GLYLVLRQ F\WRNLQHVLV * JDS
SKDVH  * D VSHFLDOL]HG UHVWLQJ
VWDWH LQ * 6 WKH SKDVH GXULQJ
ZKLFK '1$ V\QWKHVLV RFFXUV *
JDS SKDVH  0 SKDVH PLWRVLV DW
WKH HQG RIZKLFK F\WRNLQHVLV WDNHV
SODFH7KH*6* LV FROOHFWLYHO\
FDOOHGLQWHUSKDVH
5

7KH*SKDVHLVWKHILUVWVWHSRI WKHDUFKHW\SLFDOFHOOF\FOHLQHXNDU\RWLFFHOOV'XULQJWKLV
SKDVH WKH FHOO FRQVWDQWO\ WDNHV LQ QXWULHQWV LQFUHDVHV LWV VL]H DQG PDQXIDFWXUHV 51$V DQG
SURWHLQV7KH*SKDVHLVODUJHO\UHVWUDLQHGE\HQYLURQPHQWDOFRQGLWLRQVVXFKDVJURZWKIDFWRU
DQG WHPSHUDWXUH8QGHU XQIDYRXUDEOH FRQGLWLRQV* FRXOG EH GUDPDWLFDOO\ SURORQJHG DQG WKH
FHOOV FDQ HYHQHQWHU DTXLHVFHQW VWDWH FDOOHG*:KHWKHU FHOOV HQWHU LQ*RUSURJUHVV LQWR6
SKDVHLVGHWHUPLQHGE\DVLQJOHSRLQWQDPHGE\3DUGHHDVWKHUHVWULFWLRQSRLQW5>@2QFHWKLV
SRLQW LVFURVVHG WKHFHOOZLOOSURJUHVV LQWR6SKDVH LQGHSHQGHQWRIH[WHUQDOFRQGLWLRQVVXFKDV
JURZWK IDFWRUV $FWXDOO\ WKHSHULRGEHWZHHQ WKH LQLWLDWLRQRI WKH*SKDVHDQG WKH UHVWULFWLRQ
SRLQWLVWKHRQO\SDUWRIWKHFHOOF\FOHWKDWPXVWEHJURZWKIDFWRUGHSHQGHQW>@
7KH6V\QWKHVLVSKDVHLVDQHVVHQWLDOVWHSRIWKHFHOOF\FOHGXULQJZKLFK'1$UHSOLFDWLRQ
WDNHV SODFHRQFH DQG RQO\ RQFH H[DFWO\'XULQJ'1$ UHSOLFDWLRQ FHOOV FRQWLQXH WR V\QWKHVL]H
SURWHLQVUHTXLUHGIRU'1$UHSOLFDWLRQ'1$UHSDLUDQGQDVFHQW'1$DVVHPEO\>@3DUDOOHO WR
WKH UHSOLFDWLRQ RI '1$ WKH FHQWURVRPH LV DOVR GXSOLFDWHG 7KH FHQWURVRPH SULQFLSDO
0LFURWXEXOH 2UJDQL]LQJ &HQWHU 072& RI DQLPDO FHOOV FRQVLVWV RI D SDLU RI FHQWULROHV
VXUURXQGHG E\ D FORXG RI DPRUSKRXV SHULFHQWULRODU PDWHULDO 3&0 ZKLFK QXFOHDWHV PRVW
PLFURWXEXOHV RI WKH FHOO >@ ,Q 6 SKDVH FHQWULROHV DUH OHVV FDSDEOH RI DFFXPXODWLQJ 3&0
FRQVHTXHQWO\OHDGLQJWRUHGXFHGPLFURWXEXOHQXFOHDWLRQFDSDFLW\RIWKHFHQWURVRPH>@
7KH * SKDVH LV WKH ODVW VWHS RI LQWHUSKDVH GXULQJ ZKLFK FHOOV FRQWLQXH WR JURZ DQG
V\QWKHVL]H SURWHLQV UHTXLUHG IRU FHOO GLYLVLRQ 'XULQJ * SKDVH FHQWULROHV FRQWLQXH WR
DFFXPXODWHPRUH3&0SURWHLQVDQGȖWXEXOLQULQJFRPSOH[HVZKLFKFRQVHTXHQWO\QXFOHDWHPRUH
PLFURWXEXOHV WR IRUP WKH UDGLDO DVWHUV3DUHQWDOFHQWULROHVEHJLQ WRGLVFRQQHFW IURPHDFKRWKHU
DQGILQDOO\JHQHUDWHWZRGLVWLQFWFHQWURVRPHV*LVDOVRWKHODVWFKDQFHIRUWKHFHOOWRGHWHUPLQH
ZKHWKHULW¶VUHDG\IRUPLWRVLV
+RZHYHUJDSSKDVHVFDQEHDEVHQWLQVRPHVSHFLILFGHYHORSPHQWDOVWUDWHJLHVHPSOR\HGE\
PDQ\ RUJDQLVPV  )RU H[DPSOH LQDrosophila DQGXenopus V\QF\WLDO HPEU\RV WKH FHOO F\FOH
ODFNV WKH WZR JDS SKDVHV DQG LV NQRZQ DV 60 F\FOH 7KHUHIRUH WKHUH LV RQO\ D YHU\ VKRUW
LQWHUSKDVH FRQVLVWLQJ H[FOXVLYHO\ RI DQ 6 SKDVH  6XFK 60 FHOO F\FOH UHOLHV RQ PDWHUQDOO\
GHSRVLWHGVWRFNSLOHVRIP51$DQGSURWHLQVGXULQJRRJHQHVLV7KXVWKHJHQHVWKDWDUHQRUPDOO\
H[SUHVVHGLQJDSSKDVHVDUHQRPRUHQHFHVVDU\+RZHYHUQXFOHLSURJUHVVLYHO\UHGXFHWKHLUVL]H
6

EHFDXVHHPEU\RVKDYHQRH[WHUQDOVRXUFHRIQXWULWLRQDQGFRPSOHWHO\GHSHQGRQUHVHUYHVZLWKLQ
WKHHJJ>@
0SKDVH
'XULQJ0 SKDVH WKH FHOO VWRSV JURZLQJ EXW XQGHUJRHV WKH PRVW GUDPDWLF DUFKLWHFWXUDO
UHDUUDQJHPHQWV LQ WKH FHOO F\FOH VXFK DV FKURPRVRPH FRQGHQVDWLRQ DQG PLWRWLF VSLQGOH
HVWDEOLVKPHQWHWF7KH0SKDVHLVFRPSRVHGRIWZRPDMRUHYHQWVQXFOHXUGLYLVLRQPLWRVLVDQG
F\WRSODVPLFGLYLVLRQF\WRNLQHVLV
0LWRVLV LV FRQYHQWLRQDOO\ VXEGLYLGHG LQWR ILYH VHTXHQWLDO SKDVHV GHILQHG PDLQO\ E\ WKH
FKURPRVRPDOEHKDYLRUIROORZHGE\PLFURVFRS\>@)LJXUH
)LJXUH 
'LIIHUHQWVWDJHVRI
PLWRVLV IROORZHG
E\ F\WRNLQHVLV
$QLPDOFHOOPLWRVLV
LV GLYLGHG LQWR ILYH
VWDJHV SURSKDVH
SURPHWDSKDVH
PHWDSKDVH
DQDSKDVH DQG
WHORSKDVH


3URSKDVHLVWKHVWDUWLQJSKDVHRIPLWRVLVGXULQJZKLFKWKHFKURPDWLQWKUHDGVFRQGHQVHDQG
WZLVWLQWRYLVLEOHFKURPRVRPHV(DFKFKURPRVRPHFRQVLVWVRIWZRVLVWHUFKURPDWLGVFRQQHFWHGDW
WKHFHQWURPHUH7KHDVWHUVQXFOHDWHGE\FHQWURVRPHVVWDUWWRVHSDUDWHIURPHDFKRWKHUDFURVVWKH
QXFOHDU HQYHORSH GXH WR WKH OHQJWKHQLQJ RIPLFURWXEXOHV EHWZHHQ WKHP7KH QXFOHDU HQYHORSH
SURYLGHV D GLUHFW SDWK IRU WKH VHSDUDWLRQ RI FHQWURVRPHV DQG SURPRWHV WKH IRUPDWLRQ RI WKH
ELSRODU VSLQGOH LQ FXOWXUHG KXPDQ FHOOV >@  0HDQZKLOH PLFURWXEXOHV RUJDQL]HG E\ WKH
7

FHQWURVRPHH[HUWWKHSXOOLQJIRUFHWKDWFDXVHVWKHQXFOHDUHQYHORSHLQYDJLQDWLRQVDQGIDFLOLWDWHV
WKHQXFOHDUHQYHORSHEUHDNGRZQ1(%' >@1(%'GHILQHV WKH WUDQVLWLRQEHWZHHQSURSKDVH
DQGSURPHWDSKDVHLQKLJKHUHXNDU\RWHV
3URPHWDSKDVHLVDWUDQVLWLRQSHULRGEHWZHHQSURSKDVHDQGPHWDSKDVH'XULQJWKLVSKDVHWKH
QXFOHDU HQYHORSH EUHDNV LQWR VPDOO SLHFHV ZKLFK UHWUDFW LQWR WKH PHPEUDQH V\VWHP RI WKH
HQGRSODVPLF UHWLFXOXP (5 >@ $VWHUV IXUWKHU VHSDUDWLRQ EHFRPHV GHSHQGHQW RQ WKH
DWWDFKPHQW WR DQ DFWLQ DQGP\RVLQ EDVHGPRYLQJ FHOO FRUWH[ DW WKH SODVPDPHPEUDQH >@
:KHQ DVWHUV DUH DOLJQHG RQ HLWKHU VLGH RI WKH FKURPRVRPHV WKH\ VWRS WKH PLJUDWLRQ 6RPH
VSLQGOH PLFURWXEXOHV HPDQDWLQJ IURP RSSRVLWH DVWHUV FDQ QRZ ELQG WR FKURPRVRPHV YLD
NLQHWRFKRUHVZKLFKDUHFRPSRVHGRISURWHLQVDWWDFKHGWRDFHQWURPHUH$OWKRXJKFKURPRVRPHV
ZLOO XQGHUJR YHU\ DFWLYHPRYHPHQWV WKDW DUH RIWHQ GHVFULEHG DV µWKH GDQFH RI FKURPRVRPHV¶
WKH\ZLOOXOWLPDWHO\FRQJUHVV WR WKH VSLQGOHHTXDWRUZKLFK UHSUHVHQWV WKH WUDQVLWLRQ WR WKHQH[W
SKDVHPHWDSKDVH
0HWDSKDVH LQ PRVW FHOOV LV D YHU\ EULHI VWDJH EHIRUH DQDSKDVH 7KH FKURPRVRPHV DUH
DOLJQHGRQWKHHTXDWRULDOSODWHLQWKHFHQWHURIWKHVSLQGOH7KHVSLQGOHFRQVLVWVRIWKUHHGLVWLQFW
VHWVRIPLFURWXEXOHVZKRVHPLQXVHQGVSRLQWWRZDUGWKHFHQWURVRPH$VWUDOPLFURWXEXOHVUDGLDWH
RXWZDUG IURP WKH SROHV DQG LQWHUDFWZLWK WKH FRUWH[ RI WKH FHOO WR KHOS WR SRVLWLRQ WKHPLWRWLF
VSLQGOH DW WKH VLWH RI FHOO GLYLVLRQ >@ .LQHWRFKRUH PLFURWXEXOHV HPHUJH IURP WKH RSSRVLWH
DVWHUVDQGDWWDFKWRVLVWHUFKURPDWLGSDLUVDWNLQHWRFKRUH,QWHUSRODUPLFURWXEXOHVZKLFKHPDQDWH
IURPWKHRSSRVLWHDVWHUVGRQRW OLQNWKHFKURPRVRPHVEXW LQVWHDGLQWHUGLJLWDWHLQWKHFHQWHURI
WKHFHOO6KRUWO\DIWHUFKURPRVRPDODOLJQPHQWWKHOLQNEHWZHHQWKHVLVWHUFKURPDWLGVLVEURNHQ
DQGWKHFHOOHQWHUVDQDSKDVH
$WDQDSKDVHQHZGDXJKWHUFKURPRVRPHVVHSDUDWHDQGPRYH WRZDUGRSSRVLWHSROHVRI WKH
FHOO ZKLFK LV NQRZQ DV FKURPRVRPH VHJUHJDWLRQ 'XULQJ HDUO\ DQDSKDVH DQDSKDVH $ WKH
NLQHWRFKRUH PLFURWXEXOHV VKRUWHQ WR SXOO WKH FKURPRVRPHV WRZDUG WKH SROHV 'XULQJ ODWH
DQDSKDVH DQDSKDVH% WKHGDXJKWHU FKURPRVRPHVDUHSXVKHG IDUWKHUDSDUWGXH WR WKH VSLQGOH
HORQJDWLRQ 7KLV SXVKLQJ IRUFH LV H[HUWHG E\ ERWK WKH LQWHUSRODU PLFURWXEXOHV DQG WKH DVWUDO
PLFURWXEXOHV
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
7HORSKDVH LVWHFKQLFDOO\WKHODVWVWHSRIPLWRVLV'XULQJWHORSKDVHWKHWZRVHWVRIGDXJKWHU
FKURPRVRPHVUHDFKWKHRSSRVLWHSROHV$OONLQHWRFKRUHPLFURWXEXOHVDUHGHJUDGHGEXWWKHSRODU
PLFURWXEXOHVFRQWLQXHWRHORQJDWH7KHQXFOHDUHQYHORSHUHIRUPVDURXQGWKHWZRGDXJKWHUQXFOHL
)LQDOO\FKURPRVRPHVEHJLQWRGHFRQGHQVHEDFNLQWRFKURPDWLQ
&\WRNLQHVLV
&\WRNLQHVLVLVDSURFHVVGXULQJZKLFKWKHF\WRSODVPRIWKHFHOOGLYLGHVWRIRUPWZRGDXJKWHU
FHOOV ,Q DQLPDO FHOOV F\WRNLQHVLV XVXDOO\ VWDUWV LQ ODWH DQDSKDVH FKDUDFWHUL]HG E\ WKH VXGGHQ
DSSHDUDQFH RI WKH FOHDYDJH IXUURZ DW WKH HTXDWRULDO FRUWH[ 7KH FOHDYDJH IXUURZ FRQWDLQV D
FRQWUDFWLOHULQJZKLFKIRUPVEHQHDWKWKHSODVPDPHPEUDQHDQGLVPDLQO\FRPSRVHGRIDFWLQDQG
P\RVLQ ,, ILODPHQW7KH FRQWUDFWLRQ RI DFWLQP\RVLQ ILODPHQWV WLJKWHQV WKH ULQJ E\SXOOLQJ WKH
SODVPDPHPEUDQHLQZDUGDQGHYHQWXDOO\SLQFKHVWKHFHOOLQWZR$OWKRXJKF\WRNLQHVLVRFFXUVLQ
PRVWFHOOF\FOHVLWFDQEHRPLWWHGLQVRPHVSHFLDOGHYHORSPHQWDOVWDJHVLQVRPHRUJDQLVPV,Q
DrosophilaHPEU\RWKHILUVWURXQGVRIFHOOF\FOHWDNHSODFHLQDFRPPRQF\WRSODVPZLWKRXW
LQWHUYHQLQJ F\WRNLQHVLV ZKLFK JUHDWO\ VSHHGV XS HDUO\ GHYHORSPHQW 7KH FHOO GLYLVLRQ LV
FRPSOHWHG WKURXJK D VSHFLDO SURFHVV FDOOHG FHOOXODUL]DWLRQ 6LQFH WKH WHQWK F\FOH WKH QXFOHL
PLJUDWHWRZDUGWKHFRUWH[RIWKHHPEU\R)LQDOO\DWWKHFHOOF\FOHDVLPXOWDQHRXVLQJUHVVLRQ
RIPHPEUDQHDURXQGHDFKQXFOHXVRFFXUVLQRUGHUWRIRUPWKHLQGLYLGXDOFHOOV
&HOOF\FOHUHJXODWLRQ
$VGHVFULEHGDERYH WKHFHOO F\FOH LVDFRPSOH[DQGRUGHUO\ VHULHVRIHYHQWV OHDGLQJ WR
FHOO GLYLVLRQ 7KH ZKROH SURFHVV PXVW EH WLJKWO\ UHJXODWHG DQG XQFKHFNHG FHOO F\FOH PD\
HYHQWXDOO\ OHDG WR FDQFHU7KH HVVHQWLDO HYHQWVRI WKH FHOO F\FOH VXFKDV'1$ UHSOLFDWLRQ DQG
FKURPRVRPHVVHJUHJDWLRQDUHPRQLWRUHGE\DFHOOF\FOHFRQWUROV\VWHP7KLVV\VWHPFRQVLVWVRI
DQHWZRUNRIUHJXODWRU\SURWHLQVWKDWJRYHUQWKHRUGHUO\SURJUHVVLRQRIDHXNDU\RWHFHOOWKURXJK
WKHVHTXHQWLDOVWDJHVRIFHOOF\FOH,QWKHSDUDJUDSKVEHORZ,ZLOOGHVFULEHWKHPDMRUUHJXODWRU\
PHFKDQLVPVZKLFKHQVXUHWKHIDLWKIXOSURJUHVVLRQRIWKHFHOOF\FOH

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
 7KH F\FOLQV DQG F\FOLQGHSHQGHQW NLQDVHV &GNV DUH WKH FHQWUDO
FRPSRQHQWVRIWKHFHOOF\FOHFRQWUROV\VWHP
&GNVDQGF\FOLQV
&\FOLQGHSHQGHQWNLQDVHV&GNVSOD\DQHVVHQWLDOUROHLQGULYLQJFHOOF\FOHSURJUHVVLRQ
&GNV DUH D IDPLO\ RI VHULQHWKHURQLQH SURWHLQ NLQDVHV WKDW DGG QHJDWLYHO\ FKDUJHG SKRVSKDWH
JURXSV32 WRDSURWHLQRURWKHURUJDQLFPROHFXOH LQDSURFHVVFDOOHGSKRVSKRU\ODWLRQ7KH
F\FOLFDOO\DFWLYDWHGDQGLQDFWLYDWHG&GNVFDQWULJJHUDEUXSWFKDQJHLQWKHSKRVSKRU\ODWLRQVWDWH
RIWKHNH\SURWHLQVWKDWLQLWLDWHRUUHJXODWHWKHHVVHQWLDOSURFHVVHVRIWKHFHOOF\FOHVXFKDV'1$
UHSOLFDWLRQPLWRVLVDQGF\WRNLQHVLV)RUH[DPSOHLQPDPPDOFHOOV&GNEHFRPHVDFWLYHDWWKH
HQG RI * SKDVH DQG LW LV UHVSRQVLEOH IRU GULYLQJ WKH FHOO LQWR 6 SKDVH &GN DFWLYLW\
GUDPDWLFDOO\LQFUHDVHVDWWKHEHJLQQLQJRIPLWRVLVZKLFKLVQHHGHGWRWULJJHUWKHSKRVSKRU\ODWLRQ
RIGLIIHUHQWPLWRWLFVXEVWUDWHVWKDWFRQWUROFKURPRVRPHFRQGHQVDWLRQVSLQGOHDVVHPEO\QXFOHDU
HQYHORSHEUHDNGRZQHWF7KHUHDIWHUWKHVHNLQDVHVDUHLQDFWLYDWHGZKLFKDOORZVWKHFRPSOHWLRQ
RIPLWRVLVDQGF\WRNLQHVLV
&GNV DORQH DUH LQDFWLYH XQOHVV WKH\ ELQG WLJKWO\ WR WKHLU UHJXODWRU\ SURWHLQV  F\FOLQV
&\FOLQV ELQGLQJ DFWLYDWHV &GNV E\ FDXVLQJ WKHLU VWUXFWXUDO UHDUUDQJHPHQWV >@ )LJXUH 
8QOLNH &GNV ZKRVH FRQFHQWUDWLRQV DUH FRQVWDQW WKURXJKRXW WKH FHOO F\FOH F\FOLQV XQGHUJR D
SHULRGLF V\QWKHVLV DQG XELTXLWLQPHGLDWHG GHJUDGDWLRQ >@ 7KHUHIRUH WKH F\FOLFDO FKDQJH RI
&GNVDFWLYLW\ODUJHO\GHSHQGVRQWKHRVFLOODWLRQLQOHYHOVRIF\FOLQVGXULQJWKHFHOOF\FOH7KHUH
DUH IRXU FODVVHV RI F\FOLQV 7DEOH  'LIIHUHQW F\FOLQV DUH SURGXFHG DW GLIIHUHQW FHOO F\FOH
VWDJHV WR LQGXFH WKH DVVHPEO\ DQG WKH DFWLYDWLRQ RI D VHW RI F\FOLQ&GN FRPSOH[HV 'LIIHUHQW
F\FOLQ&GNFRPSOH[HVVXEVHTXHQWO\WULJJHUGLVWLQFWVWHSVLQWKHFHOOF\FOH)LJXUH&\FOLQV
ZKLFKKHOSGULYH WKHFHOO WKURXJKWKHUHVWULFWLRQSRLQW5WRZDUG6SKDVHDUHFDOOHG*F\FOLQV
&RUUHVSRQGLQJO\WKHDFWLYHFRPSOH[HVWKDW*F\FOLQVIRUPZLWKWKHLU&GNVSDUWQHUVDUHFDOOHG
*&GNV  5HVSHFWLYHO\ *6&GNV DQG 6&GNV SURPRWH 6 SKDVH HQWU\ DQG LQLWLDWH '1$
UHSOLFDWLRQZKLOH0&GNVODXQFKWKHSKRVSKRU\ODWLRQHYHQWVWRWULJJHUPLWRWLFHQWU\$PRQJWKH
IRXU FODVVHV RI F\FOLQV * F\FOLQV DUH WKH RQO\ RQHV ZKRVH FRQFHQWUDWLRQV GHSHQG RQ WKH
H[WUDFHOOXODUVLJQDOVUDWKHUWKDQRQVSHFLILFSKDVHVRIWKHFHOOF\FOH
)LJXUH
F\FOLQͲGH
7KHNLQD
KDVDGHH
$73 VKR
SURYLGHV
LV WUDQV
SKRVSKRU
ORRSRIW
:KHQF\
DQG DOORZ
FHOOͲGLYLV
SKRVSKDW
LWVIXOO\D
KWWSZZ
SHUPLVVLR
7DEOHDX
PDMRU F
&GNV LQ
1RWH WKD
DOVR WKH
WKHVHF\F
)LJXUH
DQGPLWR
WKHPDLQ
&'.WU
SURSKDVH
GRZQ ,Q
FKURPRVR
WKH ZDLW
 &\FO
SHQGHQW
VHVKRZQRQ
SJURRYHWK
ZQ LQ JUHH
WKH SKRVSK
IHUUHG GXUL
\ODWLRQ UHDF
KHNLQDVHV
FOLQVKRZQ
LQJ WKH FR
LRQ PDFKLQ
HJURXSVKR
FWLYHIRUP
ZSGERUJ
QIURPWKH
 7KH
\FOLQV DQG
YHUWHEUDWHV
W WKHUH DUH
VXEW\SHV RI
OLQV
(DFKRIW
VLV²LVFRQ
 F\FOLQ±&'
LJJHUVHQWU\
WKHFKURPR
 SURPHWDSK
PHVJHQHUD
DQDSKDVH V
LQ DQG
NLQDVH
WKHOHIW
DWELQGV
Q $73
DWH WKDW
QJ WKH
WLRQ $
KRZQLQSLQ
LQEOXHRQ
PSOH[ RI F
HU\ 7KH N
ZQKHUHLQ
&RRUGLQDWHV
 7KLV ILJX
SXEOLVKHU-R





KHPDLQSKD
WUROOHGE\D
. FRPSOH[H
WRPLWRVLV
VRPHVFRQG
DVH WKH FK
WHD 
ZDLWD
LJQDO LV WXU
NIROGVXS
WKHULJKWEL
\FOLQ DQG N
LQDVH HQ]\P
EULJKWUHGDQ
ZHUHWDNHQ
UH ZDV DGD
KQ:LOOH\	
VHVRIWKHF
F\FOLQ±F\FO
V DUH IRUPH
DQH[SDQGHG
HQVHWKHFH
URPRVRPHV
QDSKDVH
VLJ
QHG RII ,Q
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DQGEORFNV
QGVWKLVORR
LQDVH WR DG
H LWVHOI LV
G\HOORZL
IURPHQWULH
SWHG IURP
6RQV
HOOF\FOH²
LQGHSHQGHQ
G E\ F\FOLQ
YLHZRIZK
QWURVRPHVV
DWWDFK WR WK
QDO,QPHWD
 DQDSKDVH
WKHDFWLYHV
SLVSULHGD
G SKRVSKDW
 DOVR DFWLY
VDGGHGWRWK
VKFNDQG
'DYLG 6 *
*6ZKHQ
WNLQDVH&'
$ F\FOLQ
LFKLVVKRZ
HSDUDWHDQG
H PLWRWLF V
SKDVHDOO W
WKH VLVWHU F
LWHZKHQWKH
ZD\RSHQLQ
H JURXSV WR
DWHG E\ SK
HNLQDVHORR
MVWDWWKH3
RRGVHOO 
'1$V\QWK
.FRPSOH
% DQG F\FOL
QDWWKHWRS
WKHQXFOHDU
SLQGOH DQG
KHFKURPRV
KURPDWLGV
HQ]\PHLV
JWKHDFWLY
 SURWHLQV LQ
RVSKRU\ODWLR
SWREULQJL
URWHLQ'DWD
 >@
HVLVRFFXUV
[,QDQLPDO
Q(&\FOLQ
RIWKHILJXU
HQYHORSHE
 DQ\ XQDWWD
RPHVDWWDFK
VHSDUDWH DQ
IUHH
HVLWH
 WKH
Q D
WLQWR
%DQN
ZLWK

*
FHOOV
%±
H,Q
UHDNV
FKHG
DQG
G LQ

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
WHORSKDVHWKH'1$GHFRQGHQVHVWKHQXFOHDUHQYHORSHUHIRUPVDQGWKHWZRGDXJKWHUFHOOVIRUP
E\ F\WRNLQHVLV 072& PLFURWXEXOHRUJDQL]LQJ FHQWUH 5 UHVWULFWLRQ )URP -RKQDWKRQ 3LQHV
>@ZLWKSHUPLVVLRQIURPSXEOLVKHU1DWXUH3XEOLVKLQJ*URXS

&\FOLQVUHJXODWHWKHVXEVWUDWHVSHFLILFLW\RIF\FOLQ&GNFRPSOH[HV
7KHPDMRUGLIIHUHQFHVDPRQJF\FOLQVDUHWKRXJKWWRFRQIHUVXEVWUDWHVSHFLILFLW\WRF\FOLQ
&GN FRPSOH[HV >@  )RU H[DPSOH LQ ILVVLRQ \HDVW0 F\FOLQ SURPRWHV PLWRVLV ZKHUHDV *
F\FOLQV GR QRW >@ VXJJHVWLQJ WKDW GLIIHUHQW F\FOLQ&GNV FRPSOH[HV PD\ KDYH LQWULQVLFDOO\
GLVWLQFW VXEVWUDWH SUHIHUHQFHV 2QHZD\ WKDW F\FOLQVPD\ FRQWULEXWH WR VXEVWUDWH VSHFLILFLW\ RI
F\FOLQ&GNFRPSOH[HV LV E\GLUHFWO\ LQWHUDFWLQJZLWK VXEVWUDWHV&\FOLQ' *F\FOLQ EXWQRW
F\FOLQ$6F\FOLQZDVVKRZQWRFRQWDLQWKHELQGLQJPRWLI/HX[&\V[*OXRIS5EZKLFKLV
WKHRQO\HVVHQWLDOVXEVWUDWHRIF\FOLQ'&GNV>@
$QRWKHUPHFKDQLVPWKDWF\FOLQVFRQIHUVXEVWUDWHVSHFLILFLW\WRWKHLU&GNVSDUWQHUV LVE\
WDUJHWLQJWKHPWRVSHFLILFVXEFHOOXODUORFDWLRQV$QH[FHOOHQWH[DPSOHIRUVXFKUHJXODWLRQLVWKH
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
FDVH RI F\FOLQ( *6F\FOLQ DQG F\FOLQ% 0F\FOLQ&\FOLQ( SURPRWHV'1$ UHSOLFDWLRQ
ZKHUHDVF\FOLQ%LQGXFHVPLWRVLV>@&\FOLQ%LVXQDEOHWRWULJJHU'1$UHSOLFDWLRQSUREDEO\
GXH WR WKH IDFW WKDW LW FDQQRW UHDFK DQG SKRVSKRU\ODWH SURWHLQV ZKLFK DUH UHTXLUHG IRU '1$
UHSOLFDWLRQVLQFHF\FOLQ(LVQXFOHDUZKHUHDVF\FOLQ%LVF\WRSODVPLFLQLQWHUSKDVHFHOOV>@
,QGHHGLQWKHIURJHJJH[WUDFWZKHUHF\FOLQ(ZDVGHSOHWHGWKHDGGLWLRQRIZLOGW\SHF\FOLQ%WR
WKHH[WUDFWFDQQHYHULQGXFH'1$UHSOLFDWLRQ+RZHYHULQVXFKH[WUDFWZKHQF\FOLQ%WDJJHG
ZLWKWKH1/6QXFOHDUORFDOLVDWLRQVLJQDORIF\FOLQ(ZDVDGGHGEDFNLWHQWHUHGWKHQXFOHXVDQG
LQGXFHGVXEVWDQWLDO'1$UHSOLFDWLRQLQDEVHQFHRIWKHHQGRJHQRXVF\FOLQ(>@7KHUHIRUHWKH
IDLOXUHRIZLOGW\SHF\FOLQ%WRLQGXFH'1$UHSOLFDWLRQLVGXHWRIDFWWKDWWKHQXFOHDUHQYHORSH
VHSDUDWHVLWIURPWKHQXFOHDUVXEVWUDWHVZKLFKDUHUHTXLUHGIRU'1$UHSOLFDWLRQ
,QDGGLWLRQWRWKHPHFKDQLVPVGHVFULEHGDERYHLWZDVVXJJHVWHGWKDWGLUHFWELRFKHPLFDO
GLIIHUHQFHVEHWZHHQF\FOLQVPD\FRQIHUWKHLU&GNVSDUWQHUVWKHVXEVWUDWHVSHFLILFLW\>@,QGHHG
DFROOHFWLRQRIF\FOLQņ&GNVVWUXFWXUHVUHYHDOWKDWERWKWKHF\FOLQRULHQWDWLRQDQGSRVLWLRQUHODWLYH
WR LWV UHVSHFWLYH &GN FDQ YDU\ VLJQLILFDQWO\ ZKLFK PD\ KDYH DQ LPSDFW RQ WKH VXEVWUDWH
VSHFLILFLW\>@+RZHYHU WKHLU IXQFWLRQDOVLJQLILFDQFHUHODWLYH WRVXEVWUDWHVSHFLILFLW\ LV\HW WR
EHXQFRYHUHG
&RPSHQVDWRU\PHFKDQLVPVDPRQJF\FOLQVDQG&GNV
7KHUHDUH&GNVELQGLQJWRGLIIHUHQWF\FOLQVJHQHUDWHDERXWF\FOLQņ&GNFRPSOH[HV
LQPDPPDOV>@$PRQJWKHPRQO\ILYH&GNVDQGIRXUFODVVHVRIF\FOLQVDUHLQYROYHGLQ
PDPPDOFHOOF\FOHFRQWURO>@(DFKRIWKHVHF\FOLQņ&GNFRPSOH[HVZDVVSHFXODWHGWRH[HFXWH
XQLTXH IXQFWLRQV LQ D SDUWLFXODU SKDVH RI WKH FHOO F\FOH +RZHYHU VHYHUDO XQDQWLFLSDWHG
FRPSHQVDWRU\PHFKDQLVPVDPRQJF\FOLQVDQG&GNVKDYHEHHQGLVFRYHUHGERWKLQ\HDVWDQGLQ
PDPPDOV
%W\SHF\FOLQVDUHHVVHQWLDOFRPSRQHQWVIRUPLWRWLFLQLWLDWLRQ$WPLWRWLFHQWU\F\FOLQ%
&GNSURPRWHV'1$FRQGHQVDWLRQPLWRWLFVSLQGOHDVVHPEO\DQGQXFOHDUHQYHORSHEUHDNGRZQ
ZKLOHF\FOLQ%&GN LQGXFHV WKHUHRUJDQLVDWLRQRI*ROJLDSSDUDWXV >@&\FOLQ%NQRFNRXW
PLFHGLHGLQHDUO\HPEU\RQLFSKDVHVXJJHVWLQJWKDWF\FOLQ%LVDQRQUHGXQGDQWF\FOLQDQGQRQH
RI WKHRWKHUF\FOLQVLVDEOHWRFRPSHQVDWHLWVIXQFWLRQ>@,QFRQWUDVWWRF\FOLQ%F\FOLQ%
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
NQRFNRXWPLFHZHUHYLDEOHDQGVKRZHGQRDEQRUPDOLWLHVLQGLFDWLQJWKDWWKHDEVHQFHRIF\FOLQ%
ZDVIXOO\FRPSHQVDWHGE\F\FOLQ%>@
7KH PRVW VXUSULVLQJ GLVFRYHU\ LV WKDW &GN LV GLVSHQVDEOH IRU FHOO F\FOH SURJUHVVLRQ
&GNZDVEHOLHYHGWREHHVVHQWLDOIRUHQWU\LQWRDQGSURJUHVVLRQWKURXJK6SKDVHVLQFHin vitro
LQKLELWLRQ RI &GN DUUHVW WKH FHOO F\FOH >@+RZHYHU &GN NQRFNRXWPLFHZHUH YLDEOH DQG
GHYHORSHGQRUPDOO\H[FHSW IRU UHGXFHG VL]HDQG VWHULOLW\ >@  ,QDGGLWLRQ&GNGHILFLHQW
0()V UHOHDVHG IURPTXLHVFHQFHSUROLIHUDWHQRUPDOO\ZLWKRQO\DVOLJKWGHOD\ LQ6SKDVHHQWU\
>@7KXVLWDSSHDUVWKDW&GNLVQRWHVVHQWLDOIRUFHOOF\FOHSURJUHVVLRQ7ZR\HDUVDIWHUWKRVH
GLVFRYHULHV &GNZDV IRXQG WR ELQG WR F\FOLQ ( DQG SURPRWHV*6 WUDQVLWLRQ LQ DEVHQFH RI
&GN >@ +RZHYHU WKLV FRPSHQVDWRU\ PHFKDQLVP LV QRW DV VLPSOH DV LW DSSHDUV WR EH  ,Q
LQWHUSKDVH F\FOLQ(&GN ORFDOL]HV LQ QXFOHXVZKHUHDV&GN ORFDOL]HV LQ F\WRSODVP > @
7KXV D GLVFUHSDQF\ HPHUJHV  LI &GN KDV WR UHSODFH &GN WR WULJJHU *6 WUDQVLWLRQ &GN
VKRXOGHQWHUQXFOHXVKRZHYHULI&GNSUHPDWXUHO\HQWHUVQXFOHXVLWFRXOGSUHPDWXUHO\LQLWLDWH
PLWRVLVZKLFKZLOOEHFDWDVWURSKLF1RQHWKHOHVVLWZDVGHPRQVWUDWHGWKDW&GNHQWHUWKHQXFOHXV
HDUOLHULQDEVHQFHRI&GNDQGQRQSUHPDWXUHPLWRWLFHQWU\ZDVREVHUYHG>@7KHUHIRUHLWZDV
VSHFXODWHGWKDW&GNPD\EHQHFHVVDU\WRPDLQWDLQ&GNLQF\WRSODVPXQWLOPLWRVLVDQGWKDWLQ
WKHDEVHQFHRI&GN&GNFDQIUHHO\HQWHUQXFOHXV$OWKRXJK&GNHQWHUVWKHQXFOHXVF\FOLQ(
&GNLVSUREDEO\XQDEOHWRSKRVSKRU\ODWHWKHVXEVWUDWHVZKRVHSKRVSKRU\ODWLRQVDUHUHTXLUHGIRU
PLWRWLF HQWU\ RU VLPSO\ WKHVH VXEVWUDWHV PD\ QRW \HW EH DYDLODEOH WR EH SKRVSKRU\ODWHG E\
&GNLQ*DQG6SKDVH>@
,QFRQFOXVLRQZLGHVSUHDGFRPSHQVDWRU\PHFKDQLVPVDPRQJF\FOLQVDQG&GNVKDYHEHHQ
XQFRYHUHG7KHVHILQGLQJVFKDOOHQJHWKHGRJPDWKDWDSDUWLFXODUF\FOLQņ&GNFRPSOH[SHUIRUPVD
XQLTXHIXQFWLRQ2QWKHRWKHUKDQGWKLVPHFKDQLVPPLJKWEHXVHIXOWRFRPSHQVDWHIRUWKHORVVRI
LQGLYLGXDOF\FOLQVRU&GNVIURPJHQHWLFGHOHWLRQ>@
 5HYHUVLEOH SKRVSKRU\ODWLRQ LV DQ LPSRUWDQW PHFKDQLVP ZKLFK UHJXODWHV &GNV
DFWLYLW\
$SDUWIURPWKHUHJXODWLRQRISHULRGLFV\QWKHVLVDQGGHJUDGDWLRQRIF\FOLQVWKHDFWLYLW\RI
F\FOLQņ&GN FRPSOH[HV LV DOVR WLJKWO\ UHJXODWHG E\ SKRVSKRU\ODWLRQ DQG GHSKRVSKRU\ODLWRQ
,QGHHGF\FOLQELQGLQJFDQRQO\SDUWLDOO\DFWLYDWH&GNV7KLVELQGLQJ LQGXFHVDFRQIRUPDWLRQDO
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FKDQJH RI &GN ZKLFK UHOLHYHV LWV FDWDO\WLF FOHIW UHQGHULQJ WKH $73 DGHQRVLQH WULSKRVSKDWH
DFFHVVLEOH IRU WKHSURWHLQ VXEVWUDWH >@+RZHYHU IRU WKHLU IXOO DFWLYDWLRQD WKUHRQLQH UHVLGXH
ORFDOL]HGLQWKHDFWLYDWLRQORRSRI&GNVVKRXGEHSKRVSKRU\ODWHGE\&GNDFWLYDWLQJNLQDVH&$.
>@7KLV WKUHRQLQHLVRQO\DFFHVVLEOHIRU WKH&$.ZKHQF\FOLQELQGV WR&GNV LQGLFDWLQJ WKDW
F\FOLQ ELQGLQJ LV SUHUHTXLVLWH IRU &$. SKRVSKRU\ODWLRQ >@ ,QWHUHVWLQJO\ F\FOLQ ELQGLQJ
VLPXOWDQHRXVO\ SUHYHQWV WKH GHSKRVSKRU\ODWLRQ RI WKLV WKUHRQLQH E\ WKH SURWHLQ SKRVSKDWDVH
33&>@7KHSKRVSKRU\ODWLRQRIWKHWKUHRQLQHE\&$.QRWRQO\IXUWKHUH[SRVHVWKHFDWDO\WLF
FOHIW RI&GNV EXW DOVR VWDELOL]HV WKHLU DFWLYDWLRQ ORRSV >@1HYHUWKHOHVV WKHUH DUH DOVR VRPH
UHVXOWV VKRZLQJ WKDW SKRVSKRU\ODWLRQ E\ &$. FRQWULEXWHV WR &GNV VXEVWUDWH UHFRJQLWLRQ RU
ELQGLQJ UDWKHU WKDQ FDWDO\VLV )RU H[DPSOH ERWK &$. SKRVSKRU\ODWHG DQG &$. QRQ
SKRVSKRU\ODWHG&GNFDQSKRVSKRU\ODWHF\FOLQ%>@0RUHRYHUERWK&$.SKRVSKRU\ODWHGDQG
&$.QRQSKRVSKRU\ODWHG&GNFDQSKRVSKRU\ODWHRQHV\QWKHVL]HGVXEVWUDWHWRDVLPLODUGHJUHH
ZKHUHDV IRU WKH SKRVSKRU\ODWLRQ RQ DQRWKHU V\QWKHVL]HG VXEVWUDWH XQSKRVSKRU\ODWHG &GN LV
PXFK OHVV FRPSHWHQW WKDQSKRVSKRU\ODWHG&GN >@7KXV WKRVH UHVXOWV VXJJHVW in vivo WKDW
WKHUHPD\ H[LVW QRW RQO\ D VHW RI VXEVWUDWHVZKLFK FDQ RQO\ EH UHFRJQL]HG E\ SKRVSKRU\ODWHG
&GNV EXW DOVR D VHW RI VXEVWUDWHV ZKLFK FDQ EH UHFRJQL]HG E\ ERWK SKRVSKRU\ODWHG DQG
XQSKRVSKRU\ODWHG&GNVHVSHFLDOO\VXEVWUDWHVWKDWELQGWLJKWO\WR&GNV>@
,QFRQWUDVWWRWKHSRVLWLYHUHJXODWLRQE\&$.SKRVSKRU\ODWLRQ&GNVDFWLYLW\FDQDOVREH
QHJDWLYHO\UHJXODWHGE\SKRVSKRU\ODWLRQVRQ WZR LQKLELWRU\UHVLGXHV௅7DQG<:HH LVD
W\URVLQHNLQDVHZKLFKSKRVSKRU\ODWHV< >@ZKLOH0\W LV DGXDOVSHFLILFLW\NLQDVHZKLFK
FDQSKRVSKRU\ODWHERWK7DQG<>@,WZDVVKRZQUHFHQWO\WKDWWKHSKRVSKRU\ODWLRQRI
<LQFRQWUDVWWRWKHDFWLYDWLRQORRSSKRVSKRU\ODWLRQGRHVQRWLQGXFHDPDMRUFRQIRUPDWLRQDO
FKDQJH RI &GNV EXW UDWKHU GLVUXSW WKHLU VXEVWUDWHV UHFRJQLWLRQ >@ 7KHVH WZR LQKLELWRU\
SKRVSKRU\ODWLRQVRQ&GNVDUHUHPRYHGE\&GFSKRVSKDWDVHV>@7KHVHSURWHLQVNLQDVHV
DQGSKRVSKDWDVHVSURYLGHDQDGGLWLRQDOPHFKDQLVPRIILQHWXQLQJRI&GNVDFWLYLW\DWSUHFLVHWLPH
DQG LQ VSHFLILF FHOOXODU FRPSDUWPHQWV )RU H[DPSOH GXULQJ LQWHUSKDVH :HH SULQFLSDOO\
ORFDOL]HVLQWKHQXFOHXVWRSUHYHQWF\FOLQ%ņ&GNDFWLYDWLRQLQWKLVFRPSDUWPHQWZKLFKHQVXUHV
WKH FRPSOHWLRQ RI '1$ UHSOLFDWLRQ SULRU WR PLWRVLV >@ +RZHYHU XSRQ PLWRWLF HQWU\
:HHEHFRPHV LQDFWLYH DQG UHORFDOL]HV WR WKH F\WRSODVP > @ ZKHUHDV &GF& EHFRPHV
DFWLYHDQGHQWHUVQXFOHXV>@&RQFXUUHQWLQKLELWLRQRI:HHDQGDFWLYDWLRQRI&GF&DUH
UHTXLUHGIRU&GNFRPSOHWHDFWLYDWLRQ,QWXUQWKHDFWLYLW\RI:HHDQG&GF&DUHUHJXODWHGE\
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
&GNLWVHOI&GNLVDEOHWRDFWLYDWHLWVRZQDFWLYDWRU&GF&DQGLQDFWLYDWHLWVLQKLELWRUņ:HH
E\SKRVSKRU\ODWLRQ>@7KHVHPHFKDQLVPVFRQWULEXWHWRDQDEUXSWVZLWFKOLNHDFWLYDWLRQRI
&GNXSRQPLWRWLFHQWU\>@)LJXUH0RUHGHWDLOVDERXWWKH&GN:HH&GFQHWZRUN
ZLOOEHGHVFULEHGLQVHFWLRQ
)LJXUH7KHPDLQUHYHUVLEOHSKRVSKRU\ODWLRQPHFKDQLVPVUHTXLUHGIRU&GNDFWLYDWLRQXSRQ
PLWRWLFHQWU\7KHUHODWLYHUDWHRIQXFOHDULPSRUWDQGH[SRUWRIHDFKSURWHLQDUHUHSUHVHQWHGE\
DUURZVRIYDU\LQJ WKLFNQHVV%ODFN³3´DQG*UHHQ³3´ LQGLFDWH UHVSHFWLYHO\ WKH LQKLELWRU\DQG
DFWLYDWLQJSKRVSKRU\ODWLRQ'XULQJ LQWHUSKDVH JUXDGXDOO\ LQFUHDVHGF\FOLQ%ELQGV WR&GN WR
IRUPWKHF\FOLQ%±&GNFRPSOH[LQ WKHF\WRSODVP'HVSLWH WKHIDFW WKDW&$.SKRVSKRU\ODWHV
&GN DW LWV DFWLYDWLQJ VLWH WKH SKRVSKRU\ODWLRQV DW LQKLELWRU\ VLWHV E\:HH0\W EORFN &GN
VXEVWUDWHVDFFHVVWRWKH&GN&'&&LVVHTXHVWHUHGLQWKHF\WRSODVPDQGLQDFWLYHLQLQWHUSKDVH
$WWKHRQVHWRIPLWRVLV&'&&LVDFWLYDWHGE\XSVWUHDPNLQDVHDQGVXEVHTXHQWO\UHPRYHWKH
LQKLELWRU\ SKRVSKRU\ODWLRQV RQ &GN LQ WKH F\WRSODVP ,Q WXUQ &GN DFWLYDWHV &'&& DQG
LQDFWLYDWHV :HH0\W E\ SKRVSKRU\ODWLRQ 7KHQ :HH LV WUDQVORFDWHG LQWR WKH F\WRSODVP
PHDQZLOH DFWLYDWHG&'&&DQG&GNEHJLQ WR DFFXPXODWH LQ WKHQXFOHXV WR LQLWLDWHQXFOHDU
HYHQWVVXFKDVQXFOHDUHQYHORSHEUHDNGRZQ

2WKHUPHFKDQLVPVUHJXODWLQJ&GNVDFWLYLW\
 7KHNLQDVHDFWLYLW\RIF\FOLQņ&GNVFRPSOH[HFDQDOVREHWLJKWO\UHJXODWHGE\DSOHWKRUD
RI &GN LQKLELWRU SURWHLQV &.,V ZKLFK ELQG DQG LQDFWLYDWH &GNV 7KH\ SULPDULO\ VHUYH DV D
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
EUDNHIRUWKH*DQG6SKDVHV)RUH[DPSOHLQUHVSRQVHWRXQIDYRUDEOHFRQGLWLRQV,1.RQH
IDPLOO\ RI &., LV LQGXFHG WR ELQG WR &GN  WR SUHYHQW WKHLU DVVHPEO\ ZLWK F\FOLQ '
6LPXOWDQHRXVO\ &LS.LS WKH RWKHU IDPLO\ RI &., LV UHOHDVHG WR LQKLELW F\FOLQ ( $&GN
FRPSOH[HVE\GLUHFWO\EORFNLQJWKHLU$73ELQGLQJVLWH7KHUHIRUHWKHSURJUHVVLRQLQWR6SKDVHLV
HIILFLHQWO\SUHYHQWHGDQGWKHFHOOF\FOHLVKDOWHGLQ*SKDVH>@
 ,Q DGGLWLRQ WR WKH DFWLYDWLRQ E\ F\FOLQV DV PHQWLRQHG DERYH &GNV FDQ EH DFWLYDWHG
WKURXJKELQGLQJWR6SHHG\5,1*2ZKLFK\HWKDVQRVHTXHQFHKRPRORJ\WRNQRZQF\FOLQV>
@7KLVIDPLO\RISURWHLQVZDVRULJLQDOO\GHVFULEHGWRSURPRWH*0WUDQVLWLRQGXULQJPHLRWLF
PDWXUDWLRQ LQXenopus RRF\WH/DWHU RQH KXPDQ6SHHG\ KRPRORJZDV VKRZQ WR SURPRWH WKH
*6 WUDQVLWLRQ WKURXJK DFWLYDWLRQ RI &GN >@  'LIIHUHQW IURP F\FOLQņ&GNV FRPSOH[HV
6SHHG\ņ&GN DFWLYLW\ LV QHLWKHU&$.GHSHQGHQW QRU VXVFHSWLEOH WR LQKLELWLRQV E\&.,V >@
)XUWKHUPRUH VWUXFWXUDO DQDO\VLV LQGLFDWHV WKDW 6SHHG\ELQGV WR&GNV QRW WKURXJK&GNV¶ F\FOLQ
ELQGLQJGRPDLQEXWUDWKHUWKHLU&.,ELQGLQJUHJLRQVXJJHVWLQJWKDW6SHHG\ELQGLQJPD\SUHYHQW
&.,VELQGLQJWR&GNV>@0RUHRYHUDV&GNKDVEHHQVKRZQWRSKRVSKRU\ODWH&.,OHDGLQJWR
LWV SURWHDVRPHPHGLDWHG GHJUDGDWLRQ LW LV WKHUHIRUH DVVXPHG WKDW 6SHHG\ņ&GNPD\SURPRWH
*6 WUDQVLWLRQ WKURXJKHQKDQFHG&.,GHJUDGDWLRQ >@+RZHYHU LQYLWURDVVD\ UHYHDOHG WKDW
6SHHG\ņ&GN KDV ORZ HQ]\PDWLF DFWLYLW\ WRZDUG FRQYHQWLRQDO F\FOLQņ&GN VXEVWUDWHV >@
ZKLFKVXJJHVWVWKDW6SHHG\IDPLO\PD\KDYHXQWUDGLWLRQDOUROHVLQWKHUHJXODWLRQRIPLWRWLFFHOO
F\FOHDQGRWKHUUROHVEH\RQGFHOOF\FOHFRQWURO)XUWKHUVWXGLHVDUHUHTXLUHGWRXQFRYHUWKHH[DFW
IXQFWLRQVRI6SHHG\LQFHOOF\FOHFRQWURO
 ,Q VXPPDU\ &GNV FRXOG EH GHVFULEHG DV WKH HQJLQH ZKLFK GULYHV WKH FHOO F\FOH
SURJUHVVLRQDQGFDQEHDGMXVWHGDWPXOWLSOHOHYHOV,WFRRSHUDWHVLQWLPDWHO\ZLWKWKHDFFHOHUDWRUV
&$. DQG WKH EUDNHV &., :HH0\W WR KDOW WKH FHOO XQWLO WKH IXHO F\FOLQV LV HQRXJK
DFFXPXODWHG 2QFH EUDNH EORFN LV UHOHDVHG WKURXJK WKH GHJUDGDWLRQ RI &., DQG WKH
GHSKRVSKRU\ODWLRQRI:HH0\WVLWHVRQ&GNVE\&'&WKHFHOOGDVKHVLQWRWKHQH[WSKDVH
7KHFHOOF\FOHFRQWUROV\VWHPLVF\FOLFDOSURWHRO\VLVGHSHQGHQW
 ,Q DGGLWLRQ WR F\FOLQņ&GN FRPSOH[HV GHSHQGHQW SKRVSKRU\ODWLRQ PHFKDQLVP SURWHLQ
GHJUDGDWLRQLVDQRWKHUFUXFLDOPHFKDQLVPLQFHOOF\FOHFRQWURO0DQ\NH\FHOOF\FOHUHJXODWRUV
VXFKDVF\FOLQV:HHDQG&.,VDUHWDUJHWHGE\XELTXLWLQDWLRQFRPSOH[HVIRUGHJUDGDWLRQE\WKH
6 SURW
SURWHLQV
XELTXLWLQ
WKHQWUDQ
( ZKLF
)LJXUH 
FDVFDGHZ
WKDQ 
XELTXLWLQ
)LJXUH
(XELTX
WKHKHOSR
)LQDOO\W
%
6NSņFX
$3&&
PHWDSKDV
2
VXEVWUDWH
H[DPSOH
UHFRJQL]H
WUDQVLWLRQ
HRVRPH 8E
ZKLFK LV F
PROHFXOHLV
VIHUUHGWRDQ
K UHFUXLWV D
 >@ 7K
KHUHWKH\D
 GLIIHUHQW (
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LWLQDFWLYDWLQ
I(XELTXL
KHSRO\XELT
DVLF FHOO F\
OOLQņ)ER[ņ
  6&) SOD\
HWRDQDSKD
QFH DVVHPE
 UHFRJQLWLRQ
6LF D*
G E\ 6&)
>@,QDGG
LTXLWLQDWLRQ
DUULHG RXW
DFWLYDWHGE
XELTXLWLQF
 VXEVWUDWH D
HUHIRUH WKH
UHUHVSRQVLE
 OLJDVH JH
HWSURWHLQV>
XLWLQDWLRQS
JHQ]\PH
WLQSURWHLQO
XLQDWHGVXEV
FOH FRQWURO
SURWHLQ FRP
V SLYRWDO UR
VHWUDQVLWLRQ
OHG 6&) LV
 GHSHQGV R
SKDVH&.,
7KHQ 6&)
LWLRQVXEVW
 LV D SURFHV
WKURXJK DQ
\DQ(XEL
RQMXJDWLQJ
QG JXLGHV
 ( HQ]\P
OHIRUVXEVW
QHV LQ WKH K
@
DWKZD\8E
7KHQLWLVWU
LJDVH(FD
WUDWHLVGHJU
 UHTXLUHV W
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6&)
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Q WKH SKR
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V RI JHQHUD
HQ]\PDWLF
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HQ]\PH(
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HV SOD\ DQ
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 GHJUDGDWLR
LWLRQRI6&)
WLRQ RI D S
FDVFDGH 7K
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)LQDOO\(
 RI DFWLYDWH
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LW\,WLVQR
PH SURYLGL
WLYDWHGLQDQ
(XELTXLWL
UDQVIHURIX
SURWHDVRPH
RI WZR XE
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WHZRUWK\WK
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$73GHSH
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6
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 FHOO F\FOH
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ZKLFK LV UH
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
ņ)ER[SURWHLQ DOVRNQRZQDV UHFHSWRUSURWHLQ7KHUH  DUH DERXW)ER[SURWHLQV DPRQJ
ZKLFK RQO\ 6.3 )%: DQG ȕ75&3 DUH WKRXJKW WR SOD\ FULWLFDO UROH LQ FHOO F\FOH FRQWURO
KRZHYHUWKHIXQFWLRQVRIPRVWRWKHU)ER[SURWHLQVUHPDLQXQNQRZQ>@,WLVZHOONQRZQQRZ
WKDW 6&)6.3 LV VSHFLILFDOO\ UHVSRQVLEOH IRU WKH GHJUDGDWLRQ RI * F\FOLQ DQG &., WKHUHIRUH
SURPRWHV*6 WUDQVLWLRQ>@:KHUHDV WKH6&)ȕ75&3PHGLDWHV WKHGHJUDGDWLRQRI :HH
ZKLFKLVUHTXLUHGIRUPLWRWLFHQWU\>@
,Q FRQWUDVW WR 6&) $3&& DFWLYLW\ LV UHVWUDLQHG WR FHUWDLQ SKDVH RI WKH FHOO F\FOH ,WV
DFWLYDWLRQGHSHQGVRQWKHELQGLQJRILWVFRDFWLYDWRUDOVRNQRZQDVUHFHSWRUSURWHLQņ&GFRU
&KN&GFELQGLQJLVUHJXODWHGE\SKRVSKRU\ODWLRQ,QSURSKDVH&GNVSKRVSKRU\ODWH$3&&
DW PXOWLSOH VLWHV ZKHUH WKHVH SKRVSKR\UODWLRQ DUH SUHUHTXLVLWH IRU WKH &GF ELQGLQJ IURP
SURSKDVH WR DQDSKDVH >@'LIIHUHQW IURP&GF&GK DFWLYDWHV$3&& UHJDUGOHVV RI WKH
$3&&¶VSKRVSKRU\ODWLRQVWDWXH+RZHYHUIURPODWH*WRDQDSKDVHGXULQJZKLFK&GNVDFWLYLW\
LVKLJK&GNVSKRVSKRU\ODWH&GKWRSUHYHQWLWVDVVRFLDWLRQZLWK$3&&>@,Q\HDVW&GK
UHPDLQVSKRVSKRU\ODWHGXQWLODQDSKDVHZKHUHLWLVGHSKRVSKRU\ODWHGE\&'&WKHQDVVRFLDWHV
ZLWK DQG DFWLYDWHV $3&& 6XEVHTXHQWO\ $3&&&GK FRPSOH[ PHGLDWHV WKH GHJUDGDWLRQ RI0
SKDVHF\FOLQVOHDGLQJWRPLWRWLFH[LW>@%RWK&GFDQG&GKFRQIHUVXEVWUDWHVSHFLILFLW\LQ
WKH VDPH ZD\ DV )ER[ SURWHLQV GR LQ WKH 6&) FRPSOH[ $3&&&GF WULJJHUV DQDSKDVH E\
PHGLDWLQJWKHGHJUDGDWLRQRIVHFXULQDQG6KXJRVKLQERWKRIZKLFKDUHQHFHVVDU\IRUGLVUXSWLQJ
VLVWHU FKURPDWLG FRKHVLRQ 0RUHRYHU $3&&&GF  SURPRWHV WKH PLWRWLF H[LW E\ LQGXFLQJ WKH
GHJUDGDWLRQRIF\FOLQ%,QFRQWUDVWWR$3&&&GF$3&&&GKLVDNH\UHJXODWRULQPDLQWHQDQFH
D VWDEOH * RU * E\ WDUJHWLQJ YDULRXV SURWHLQV LQYROYHG LQ '1$ UHSOLFDWLRQ FHOO F\FOH
SURJUHVVLRQ DQGPLWRVLV0RUHRYHU LQ FRQWUDVW WR 6&)ZKLFK RQO\ UHFRJQL]HV SKRVSKRU\ODWHG
VXEVWUDWHV$3&&UHFRJQL]HVLWVVXEVWUDWHVFRQWDLQLQJGHJUDGDWLRQPRWLIVVXFKDVWKH'ER[RU
.HQER[>@,WZDVGHPRQVWUDWHGWKDW$3&&&GFSUHIHUVWKH'ER[FRQWDLQLQJVXEVWUDWHV
ZKHUHDV$3&&&GKFDQWDUJHWERWK'ER[DQG.HQER[FRQWDLQLQJVXEVWUDWHV>@
,Q DGGLWLRQ LW ZDV GHPRQVWUDWHG WKDW WKHUH LV DOVR D KLJK OHYHO RI FURVVWDON DQG
LQWHUGHSHQGHQF\EHWZHHQ6&)DQG$3&&)RUH[DPSOHLQRUGHUWRPDLQWDLQDVWDEOH*RU*
SKDVH$3&&&GKPHGLDWHVWKHGHJUDGDWLRQRI6NSWRSUHYHQWSUHPDWXUH*6WUDQVLWLRQ>@
:KHUHDV LQ RUGHU WR HQVXUH WKH PHWDSKDVHDQDSKDVH WUDQVLWLRQ 6&)ȕ75&3  LQGXFHV WKH
GHJUDGDWLRQRI(PLZKLFKLVDQLQKLELWRURI$3&&
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
,Q FRQFOXVLRQ FROODERUDWLQJ ZLWK F\FOLQ&GNV FRPSOH[HV 6&) DQG $3&& GHSHQGHQW
GHJUDGDWLRQRINH\UHJXODWRUVHQVXUHVWKHDUUHVWRULQLWLDWLRQRIDVSHFLILFHYHQWRUDVSHFLILFFHOO
F\FOHSKDVH)LJXUH ,PSRUWDQWO\ LQDGGLWLRQ WR WKHUHYHUVLEOHSRVWWUDQVODWLRQDO UHJXODWLRQ
VXFK DV SKRVSKRU\ODWLRQ 6&) DQG $3&& PHGLDWHG SURWHRO\VLV SURYLGHV DQ LUUHYHUVLEOH
PHFKDQLVPWKDWDVVXUHVWKHVWULFWXQLGLUHFWLRQDOSURJUHVVLRQRIWKHFHOOF\FOH
)LJXUH*OREDOUROHVIRU$3&&
DQG 6&) LQ WKH FRUH FHOO F\FOH *UHHQ
GHQRWHV DFWLYDWLRQ RU LQKLELWLRQ WKDW
SURPRWHV FHOO F\FOH SURJUHVVLRQ ZKHUHDV
UHG LQGLFDWHV DFWLYLWLHV WKDW EORFN
SURJUHVVLRQ $3&& VXEVWUDWHV DUH LQ
RUDQJHOHWWHUVDQG6&)VXEVWUDWHVLQEOXH
1RWH WKDW PRVW FHOOF\FOHDGYDQFLQJ
DFWLYLWLHV DUH LQDFWLYDWHG E\ WKH $3&&
ZKHUHDV EORFNLQJ DFWLYLWLHV DUH UHPRYHG
E\6&) VXEVWUDWHV%OXH DVWHULVNV LQGLFDWH
SURWHLQV WKDW EHFRPH 6&) WDUJHWV GXULQJ
FKHFNSRLQWRUVWUHVVUHVSRQVHV7KLVILJXUH
ZDVDGDSWHGIURP+DUWPXW&9RGHUPDLHU
 >@ ZLWK SHUPLVVLRQ IURP
SXEOLVKHU(OVHYLHU
&HOOF\FOHFKHFNSRLQWV 
,QDGGLWLRQWRWKHGLIIHUHQWFRPSRQHQWVRIFHOOF\FOHFRQWUROV\VWHPPHQWLRQHGDERYHWKH
FHOO DOVR VHWV D VHULHV RI FKHFNSRLQWV WRPRQLWRU WKHTXDOLW\RI HDFKSKDVHRI WKH FHOO F\FOH ,I
SUHYLRXV HYHQW ZDV QRW VXFFHVVIXOO\ FRPSOHWHG WKH FHOO F\FOH FDQ EH DUUHVWHG DW D VSHFLILF
FKHFNSRLQWXQWLOFRQGLWLRQVDUHVXLWDEOHIRUWKHFHOOWRSURFHHGWRWKHQH[WVWDJH7KLVDUUHVWFDQ
SURYLGH WLPH WR IL[ SUREOHPV DQG DOVR SUHYHQWV FDWDVWURSKLF FRQVHTXHQFH IURP WKH SUHPDWXUH
SURJUHVVLRQ RI WKH F\FOH LQWR WKH QH[W SKDVH ,Q KLJKHU HXNDU\RWHV PXOWLSOH FRQVHUYHG
FKHFNSRLQWVH[LVWWRHQVXUHWKDWLIRQHIDLOVRWKHUVZLOOWDNHLQFKDUJHRIWKHJHQRPHLQWHJULW\DQG
FHOO VXUYLYDO)RUH[DPSOH WZR'1$GDPDJHFKHFNSRLQWVDUHVHSDUDWHO\SRVLWLRQHGEHIRUH WKH
20

FHOOHQWHUV6SKDVH*6FKHFNSRLQWDQGDIWHU'1$UHSOLFDWLRQ*0FKHFNSRLQW,QDGGLWLRQ
LWZDVVKRZQWKDWWKHUHDSSHDUVWREH'1$GDPDJHFKHFNSRLQWVGXULQJ6DQG0SKDVHV>@,Q
WKHIROORZLQJSDUDJUDSKV,ZLOOGHVFULEHEULHIO\IRXUPDMRUFKHFNSRLQWV
*6FKHFNSRLQW7RSUHYHQWHQWU\LQWR6SKDVHZLWKGDPDJHG'1$WKHDSLFDOVLJQDO
WUDQVGXFLQJNLQDVH$70$WD[LD7HODQJLHFWDVLD0XWDWHG$75$WD[LD7HODQJLHFWDVLD0XWDWHG
DQG5DG 5HODWHG ZKLFK µUHFRJQL]H¶ '1$ GDPDJH DUH DFWLYDWHG LQ * FHOOV WR WULJJHU WKH
FKHFNSRLQWVLJQDOLQJFDVFDGH>@$70$75VXEVHTXHQWO\SKRVSKRU\ODWHDQGDFWLYDWHWKHGLVWDO
VLJQDOWUDQVGXFLQJNLQDVHV&KN&KHFNSRLQW.LQDVH&KN&KHFNSRLQW.LQDVH>@ZKLFK
LQ WXUQ WDUJHW WZR FULWLFDO HIIHFWRUV LQYROYHG LQ GLVWLQFW EUDQFKHV RI WKH * FKHFNSRLQW WKH
SURWHLQSKRVSKDWDVH&'&$DQGWKHWUDQVFULSWLRQDOIDFWRUS
3KRVSKRU\ODWLRQ RI&'&$ E\&KN DQG&KN OHDGV WR LWV QXFOHDU H[FOXVLRQ DQG LWV
6&) PHGLDWHG GHJUDGDWLRQ E\ WKH SURWHDVRPH >@ &RQVHTXHQWO\ WKH LQKLELWRU\
SKRVSKRU\ODWLRQV RQ &GN E\ :HH FDQ¶W EH UHPRYHG >@ DQG WKH LQDFWLYH &GN FDQ¶W
SKRVSKRU\ODWH&GFZKRVHSKRVSKRU\ODWLRQLVUHTXLUHGIRUWKHLQLWLDWLRQRI'1$V\QWKHVLV>@
$OWKRXJKWKH&'&$FDVFDGHLVLPSOHPHQWHGUDSLGO\LW LVUHODWLYHO\WUDQVLHQWDQGFDSDEOHRI
GHOD\LQJFHOOF\FOHSURJUHVVLRQRQO\VHYHUDOKRXUV>@
&RPSDUHGWRWKH&'&$FDVFDGHWKHSSDWKZD\LVPXFKVORZHUDQGPD\UHTXLUHXS
WR VHYHUDO KRXUV GXH WR WKH IDFW WKDW WKLV SDWKZD\QHHGV WKH WUDQVFULSWLRQ DQG DFFXPXODWLRQ RI
QHZO\V\QWKHVL]HGSURWHLQV >@)RU LWVDFWLYDWLRQ WKH3FDQEHSKRVSKRU\ODWHGQRWRQO\E\
&KN&KNEXWDOVRGLUHFWO\E\WKHXSVWUHDPNLQDVH$70$75>@0RUHYRHULQUHVSRQVHWR
'1$GDPDJH$70$75DOVRWDUJHWWKHXELTXLWLQOLJDVH0GPWRSUHYHQWSGHJUDGDWLRQ>
@%RWKPHFKDQLVPVFRQWULEXWH WR WKHVWDELOL]DWLRQDQGDFFXPXODWLRQRISZKLFK LQ WXUQ
LQGXFHWKHWUDQVFULSWLRQRISņD&.,&GNLQKLELWRURI&GN7KLVSDWKZD\FRPSOHPHQWVDQG
HYHQWXDOO\ UHSODFHV WKH WUDQVLHQW DFXWH LQKLELWLRQ RI &GN WKURXJK WKH &'&$ GHJUDGDWLRQ
SDWKZD\OHDGLQJWRWKHPDLQWHQDQFHRIWKHFHOOF\FOHDUUHVW
,QWUD6SKDVHFKHFNSRLQW8QOLNHWKH*6RU*0'1$GDPDJHFKHFNSRLQWLQWUD6
SKDVHFKHFNSRLQWFDQRQO\GHOD\WKHLQLWLDWLRQRI'1$UHSOLFDWLRQEXWFDQQRWPDLQWDLQWKHDUUHVW
RI WKH FHOO F\FOH DQG LV LQGHSHQGHQW RI S >  @7KLV FKHFNSRLQW LVPHGLDWHGE\ WZR
SDWKZD\V 7KH ILUVW SDWKZD\ LV WKH$70$75ņ&KN&KNņ&'&$ņ F\FOLQ ( RU$
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&GNņ&'&GHVFULEHGDERYH7KHVHFRQGSDWKZD\LQYROYHV1EVDFRPSRQHQWRIFRPSOH[
0UHņ1EVņ5DG >@ $70 PHGLDWHG 1EV SKRVSKRU\ODWLRQ OHDGV WR WKH LQLWLDO '6%
'RXEOH6WUDQG %UHDN UHFRJQLWLRQ E\ WKH FRPSOH[ 0UHņ1EVņ5DG ZKLFK QRW RQO\
FRQWULEXWHVWRWKHGHOD\WKHFHOOF\FOHEXWDOVRWRDFWLYDWHWKHUHSDLUSURFHVVHV>@+RZHYHUWKH
SUHFLVHPROHFXODUPHFKDQLVPRIWKLVSDWKZD\UHPDLQVHOXVLYH
*0FKHFNSRLQW7KH*0FKHFNSRLQWSUHYHQWVFHOOVIURPHQWHULQJPLWRVLVZKHQWKH\
HQFRXQWHU'1$GDPDJHLQ*RUWKHQWKH\KDYHXQUHSDLUHGGDPDJHSURGXFHGLQ6SKDVHRU*
SKDVH 7KH *0 FKHFNSRLQW PHGLDWHG FHOO F\FOH DUUHVW LV GXH WR D FRPELQDWLRQ RI VHYHUDO
PHFKDQLVPV
2QH RI WKRVHPHFKDQLVPV LV WKH$70$75ņ&KN&KNņ&'&$SDWKZD\ GHVFULEHG
DERYH6RIDU LW LVDOVRWKHRQO\PHFKDQLVPNQRZQWREHVKDUHGE\DOO WKHWKUHH'1$GDPDJH
FKHFNSRLQWV7KLVSDWKZD\SUHYHQWV WKH LQLWLDO DFWLYDWLRQRIF\FOLQ%&GNE\&'&$ LQ WKH
QXFOHXVZKLFKDSSHDUVWREHUHTXLUHGIRUFKURPRVRPHFRQGHQVDWLRQ>@3KRVSKRU\ODWLRQRI
&'&$E\&KNDOVRLQGXFHVLWVELQGLQJWRWKHSURWHLQZKLFKVSHFLILFDOO\LQKLELWVLWV
DELOLW\WRLQWHUDFWZLWKF\FOLQ%&GN>@
'LIIHUHQW IURP&'&$&'&%DFWLYDWHV F\FOLQ%&GN LQ WKHF\WRSODVP WR WULJJHU
WKHFHQWURVRPHVHSDUDWLRQ>@,QUHVSRQVHWR89LQGXFHG'1$GDPDJHSKRVSKRU\ODWLRQRI
&'&% E\ S D 0LWRJHQ $FWLYDWHG 3URWHLQ .LQDVH LQGXFHV LWV ELQGLQJ WR ZKLFK
EORFNVWKHDFFHVVRI&GNWRLWVFDWDO\WLFVLWHWKXVLPSDLULQJWKHF\WRSODVPLFDFWLYDWLRQRI&GN
>@
,Q DGGLWLRQ WR &'&$ DQG &'&% &'&& LV HVVHQWLDO IRU WKH IXOO DFWLYDWLRQ RI
&GN DQGPLWRWLF HQWU\ ,WV SKRVSKRU\ODWLRQ E\ &KN&KN FUHDWHV D VLWH IRU  ELQGLQJ
ZKLFK VHTXHVWHUV &'&& DQG EORFNV LWV LQWHUDFWLRQ ZLWK F\FOLQ % &GN >@ +HQFH
ERWK $70$75ņ&KN&KN DQG S SDWKZD\V ZKLFK LQYROYH GLIIHUHQW &'& LVRIRUPV
ILQDOO\FRRSHUDWHWRLQKLELW WKHNH\WDUJHWRI*0FKHFNSRLQWņF\FOLQ%&GN,QDGGLWLRQWR
SUHYHQW WKH &'&GHSHQGHQW &GN DFWLYDWLRQ *0 FKHFNSRLQW DOVR XSUHJXODWHV :HH WR
VXVWDLQLWVLQKLELWRU\HIIHFWRQ&GN>@
0RUHRYHUXQOLNH*6FKHFNSRLQW WKH*0FKHFNSRLQWPHGLDWHGPDLQWHQDQFHRIFHOO
F\FOH DUUHVW LV SDUWO\ S GHSHQGHQW 0DQ\ VRUWV RI FHOOV ODFNLQJ IXQFWLRQDO S VWLOO WHQG WR
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DFFXPXODWH LQ * LQ UHVSRQVH WR '1$ GDPDJH VXJJHVWLQJ VXSSOHPHQWDU\ PHFKDQLVPV PD\
IXQFWLRQZLWKSFDVFDGHWRPDLQWDLQ*DUUHVW>@
 0 SKDVH FKHFNSRLQW 7KH 0 SKDVH FKHFNSRLQW DOVR NQRZQ DV VSLQGOH DVVHPEO\
FKHFNSRLQW 6$& RU PLWRWLF FKHFNSRLQW LV D TXDOLW\ FRQWURO PHFKDQLVP ZKLFK SUHYHQWV
DQDSKDVH RQVHW XQWLO DOO WKH FKURPRVRPHV DUH VWDEO\ DQG FRUUHFWO\ DWWDFKHG WR PLFURWXEXOH
VSLQGOH YLD WKHLU NLQHWRFKRUHV >@ 1RWH WKDW RQH FRQVLGHUV WKH QDPH µVSLQGOH DVVHPEO\
FKHFNSRLQW¶ LQDSSURSULDWH EHFDXVH 6$& GRHV QRW PRQLWRU VSLQGOH DVVHPEO\ EXW UDWKHU WKH
PLFURWXEXOHņNLQHWRFKRUHDWWDFKPHQW
7KH 0 SKDVH FKHFNSRLQW WDUJHWV &GF D FRDFWLYDWRU RI $QDSKDVH 3URPRWLQJ
FRPSOH[&\FORVRPH $3&& ZKLFK ZDV GHVFULEHG LQ SUHYLRXV VHFWLRQ  $V ORQJ DV
NLQHWRFKRUHV GR QRW DWWDFK WR PLFURWXEXOHV LW UHFUXLWV 6$& PRGXOH WR JUHDWO\ IDFLOLWDWH WKH
IRUPDWLRQ RIPLWRWLF FKHFNSRLQW FRPSOH[ 0&& >@ &GF LWVHOI LV DOVR D FRPSRQHQW RI
0&& >@ 7KH LQFRUSRUDWLRQ RI &GF LQWR 0&& SUHYHQWV LWV VXEVWUDWHV UHFUXLWPHQW WKXV
LQKLELWLQJ $3&&GF PHGLDWHG SURWHLQV LQFOXGLQJ VHFXULQ DQG F\FOLQ % GHJUDGDWLRQ DQG DV D
UHVXOWSUHYHQWLQJWKHFHOOWRSURJUHVVLQWRDQDSKDVH>@
2QFH FKURPRVRPHV DUH ELRULHQWHG WKURXJK FRUUHFW DWWDFKPHQW RI NLQHWRFKRUH ņ
PLFURWXEXOHVWKHLQKLELWLRQRQ$3&&GFLVUDSLGO\UHOHDVHGE\WKHFKHFNSRLQWVLOHQFLQJSURFHVV
ZKLFKLVHQVXUHGE\VHYHUDOPHFKDQLVPV)LUVWXSRQPLFURWXEXOHDWWDFKPHQWWKHFRQIRUPDWLRQ
DQGFRPSRVLWLRQRINLQHWRFKRUHVGUDPDWLFDOO\FKDQJH>@7KLVOHDGVWRWKHUHPRYDORIVRPH
0&&FRPSRQHQWV IURPNLQHWRFKRUH WKXVSUHYHQWLQJQHZ0&&DVVHPEO\ >@$GGLWLRQDOO\
WKHGLVDVVHPEO\RIH[LVWLQJ0&&LVFDUULHGRXWE\SFRPHWDQG$3&>@+RZHYHUWKH
UHJXODWRU\PHFKDQLVPRIWKHVHSURWHLQVLQUHVSRQVHWRPLFURWXEXOHDWWDFKPHQWLVVWLOOQRWFOHDU
6HFRQGFKHFNSRLQWVLOHQFLQJGHSHQGVRQWKHSKRVSKDWDVHVZKLFKFRXQWHUEDODQFHPLWRWLFNLQDVH
,W ZDV GHPRQVWUDWHG WKDW $XURUD % NLQDVH DQG 3ROROLNHNLQDVH 3ON GHVWDELOL]H WKH
PLFURWXEXOHVDWXQDWWDFKHGNLQHWRFKRUHVDQGHOLPLQDWHHUURQHRXVDWWDFKPHQWV>@2QFH
FKURPRVRPHV DUH ELRULHQWHG WKH SKRVSKDWDVH 33$% IXQFWLRQV WRZDUGV WKH VXEVWUDWHV
SKRVSKRU\ODWHG E\ $XURUD % DQG 3ON WR VWDELOL]H WKH FRUUHFW PLFURWXEXOH ņ NLQHWRFKRUH
LQWHUDFWLRQV>@0RUHRYHUFKURPRVRPHELRULHQWDWLRQVWUHWFKHVNLQHWRFKRUHVWKXVVHSDUDWLQJ
$XURUD%IURPLWVNLQHWRFKRUHVXEVWUDWHV>@6RPHRIWKHVHVXEVWUDWHVFUHDWHGRFNLQJVLWHVIRU
ODUJH UHFUXLWPHQW RI SKRVSKDWDVH 33 WR NLQHWRFKRUH WR HQVXUH WKH GHSKRVSKRU\ODWLRQ RI
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FKHFNSRLQWSURWHLQV >@+RZHYHU WKH VZLWFKPHFKDQLVPVRI WKHVHNLQDVHV DQGSKRVSKDWDVH
DFWLYLW\XSRQELRULHQWHGDWWDFKPHQWUHPDLQODUJHO\XQFOHDUDQGWKHLUVXEVWUDWHVDWNLQHWRFKRUHV
VWD\WREHLGHQWLILHG
,QDGGLWLRQWRWKHIRXUPDMRUFKHFNSRLQWVGHVFULEHGDERYHRWKHUFKHFNSRLQWVKDYHEHHQ
UHSRUWHGWREHLQYROYHGLQWKHFHOOF\FOHFRQWURO)RUH[DPSOHLWZDVSURSRVHGWKDWWKHUHH[LVWRI
D FKHFNSRLQWZKLFKPRQLWRUV WKH LQWHJULW\ RI FHQWURVRPH 7KLV FKHFNSRLQW  FRQWUROV WKH*6
SURJUHVVLRQ WKURXJK D S PHGLDWHG SDWKZD\ >@  0RUHRYHU LQ DGGLWLRQ WR '1$ GDPDJH
FKHFNSRLQW LQGXFHG'1$ V\QWKHVLV DUUHVW D GLVWLQFW'1$ UHSOLFDWLRQ FKHFNSRLQW LV WULJJHG WR
VWDELOL]H VWDOOHG UHSOLFDWLRQ IRUNV DQG SUHYHQW WKH IRUPDWLRQ RI QHZ IRUNV E\ VXSSUHVVLQJ ODWH
UHSOLFDWLRQ RULJLQ ILULQJ >@ )XUWKHUPRUH LW ZDV GHPRQVWUDWHG WKDW WKHUH DUH DOVR QXWULHQW
VHQVLQJFHOOJURZWKFKHFNSRLQWZKLFK UHJXODWHV*FHOO F\FOHSURJUHVVLRQ>@ DQGDQWHSKDVH
FKHFNSRLQWZKLFKFDQUHYHUVLEO\GHOD\PLWRWLFHQWU\LQUHVSRQVHWRVWUHVVDJHQWV>@HWF
$OWRJHWKHUGLIIHUHQWFKHFNSRLQWVPRQLWRUVSHFLILFHYHQWDWVSHFLILFSKDVHRIWKHFHOOF\FOH
7KH\FRQYH\WKHUXQRUVWRSVLJQDOVWRWKHFHOOF\FOHHQJLQH7KHUHIRUHWKHFKHFNSRLQWVSURYLGH
WKHFRQWUROV\VWHPDPRUHVRSKLVWLFDWHGO\UHJXODWRU\DELOLW\
Drosophila melanogaster DVDPRGHO
Drosophila DOVR NQRZQ DV WKH IUXLW IO\ LV D SRZHUIXO PRGHO RUJDQLVP IRU FHOO F\FOH
UHVHDUFK ,Q Drosophila melanogaster WKHUH DUH RQO\ IRXU FKURPRVRPH SDLUV FRPSDUHG WR
WZHQW\WKUHH LQKXPDQ+RZHYHUDERXWRIKXPDQJHQHWLFGLVHDVHJHQHVDUHFRQVHUYHG LQ
Drosophila >@0RUHRYHUDrosophilaKDVDFRPSOHWHO\VHTXHQFHGJHQRPHDVKRUWJHQHUDWLRQ
WLPHRIDSSUR[LPDWHO\WHQGD\VDQGDKLJKUHSURGXFWLRQUDWHDOOPDNLQJLWDQLQWHUHVWLQJDQGFRVW
HIIHFWLYHPRGHORUJDQLVPIRUWKHIXQFWLRQDOVWXG\RIKXPDQJHQHWLFGLVHDVHJHQHV,QDGGLWLRQD
SOHWKRUD RI DSSURDFKHV VXFK DV 51$L VFUHHQ OLYHFHOO LPDJLQJ DQG FODVVLFDO JHQHWLFV DUH
DYDLODEOHLQDrosophila+HUH,ZLOORQO\GHVFULEHVRPHRIWKHVHDSSURDFKHVWKDW,KDYHDSSOLHG
LQP\3K'ZRUN
*HQHWLFDSSURDFKHVVXFKDVHQKDQFHUDQGVXSSUHVVRUVFUHHQKDYHOHGWRDODUJHQXPEHU
GLVFRYHU\RIQRYHOJHQHV%RWKFKHPLFDODQGWUDQVSRVDEOHHOHPHQWPHGLDWHGPHWKRGVKDYHEHHQ
DSSOLHG IRU VXFK VFUHHQV 3 WUDQVSRVDEOH HOHPHQW IRU H[DPSOHZKLFK LV H[FOXVLYHO\ SUHVHQW LQ
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Drosophila melanogasterLVZLGHO\XVHGIRUJHQHGLVUXSWLRQ3HOHPHQWLVHYHQPRUHFRPPRQO\
XVHG WKDQ FKHPLFDOV LQ PXWDJHQHVLV VLQFH WKH PXWDWLRQ FDQ EH PRUH HDVLO\ ORFDOL]HG LQ WKH
JHQRPH>@7KHWHFKQLTXHRIVLQJOH3HOHPHQWLQVHUWLRQKDVEHHQVXFFHVVIXOO\XVHGWRPXWDWH
PRUHWKDQRIYLWDODrosophilaJHQHVLQWKH%HUNHOH\'URVRSKLOD*HQRPH3URMHFW%'*3
>@6RPHPXWDQWVIUHTXHQWO\XVHGLQP\3K'ZRUNVXFKDVtwinsp DQGgwl6aZHUHJHQHUDWHG
E\3HOHPHQWLQVHUWLRQLQGXFHGPXWDWLRQV>@
'LYHUVH 3 HOHPHQW EDVHG YHFWRUV LQWHJUDWHG ZLWK WKH *$/8$6 V\VWHP KDYH EHHQ
ODUJHO\DSSOLHGIRUJHQHSURWHLQIXQFWLRQDQDO\VLV7KH\HDVW*$/SURWHLQFDQVSHFLILFDOO\ELQG
DQG DFWLYDWH DQ 8SVWUHDP $FWLYDWLRQ 6HTXHQFH 8$6 ZKLFK LV DQ HQKDQFHU RI WUDQVFULSWLRQ
7KXVWKH*$/JHQHXQGHUWKHFRQWURORIQDWLYHJHQHSURPRWHUFDQLQGXFHWKHH[SUHVVLRQRID
FORQHG WDUJHWJHQHSODFHGGRZQVWUHDP IURP8$67KLV V\VWHPFRQIHUV WKHDrosophilaJHQHWLF
V\VWHPWKHDELOLW\WRH[SUHVVJHQHVin vivoLQDWLPHDQGWLVVXHVSHFLILFPDQQHU>@
,Q DGGLWLRQ 3 HOHPHQW EDVHG WHFKQLTXHV DUH DOVR XVHG IRU JHQHUDWLQJ GHILFLHQF\
FKURPRVRPHVZKLFK HDFK ODFNGHILQHG FKURPRVRPDO UHJLRQV'HILFLHQF\ FKURPRVRPHV DUH DQ
LQYDOXDEOH WRRO IRU PDSSLQJ PXWDWLRQV DQG LGHQWLI\LQJ LQWHUDFWLQJ ORFL $ ORVVRIIXQFWLRQ
PXWDWLRQFDQEHPDSSHGWRDVSHFLILFFKURPRVRPHUHJLRQZKHUHDGHOHWLRQIDLOVWRFRPSOHPHQW
WKLV PXWDWLRQ ,Q WKH %ORRPLQJWRQ Drosophila VWRFN FHQWHU D ODUJHVFDOH GHILFLHQF\
FKURPRVRPHVFROOHFWLRQFRYHUVDERXWRIWKHHXFKURPDWLFJHQRPHZKLFKLVFRQVLGHUDEO\
XVHIXOIRUILQHVFDOHJHQHPDSSLQJ>@)XUWKHUPRUHGHOHWLRQVWKDWHQKDQFHRUVXSSUHVVPXWDQW
SKHQRW\SHDUHDGYDQWDJHRXVIRULGHQWLI\LQJVHWVRIJHQHVLQYROYHGLQWKHVDPHELRORJLFDOSURFHVV
,Q RXU ODERUDWRU\ZH KDYH WDNHQ DGYDQWDJH RI WKLVPHWKRG LQ WKH LGHQWLILFDWLRQ RI twins DV D
IXQFWLRQDOLQWHUDFWRURIpoloDQGscant)LJXUH>@
)LJXUH  $ VFUHHQ IRU JHQHV LQWHUDFWLQJ ZLWK polo LGHQWLILHG 33$ UHJXODWRU\ VXEXQLW
twins'HILFLHQFLHVRIWKH'URV'HO&RUHNLWZHUHFRPELQHGZLWKRQHDOOHOHRI polo11RUgwlScant
'RXEO\KHWHUR]\JRXVIHPDOHVZHUHWDNHQDQGWKHLUHPEU\RVZHUHWHVWHGIRUWKHDELOLW\WRKDWFK
$7KHVKHPDRIJHQHWLFK\EULGL]DWLRQZKLFKLGHQWLILHGWKHVWURQJHVWJHQHWLF LQWHUDFWRURIpolo 
DQG gwlScantQRWVKRZQGHILFLHQF\Df ED5474ZKLFKLVDVpoloORFDWHGRQFKURPRVRPH%
,GHQWLILFDWLRQRIWZLQVDVDJHQHWLFLQWHUDFWRU7HVWLQJGHILFLHQFLHVRYHUODSSLQJZLWKDf ED5474
IRU WKHLUHIIHFWRQHPEU\RKDWFKLQJUDWHZKHQLQWURGXFHGLQWKHPDWHUQDO polo11 EDFNJURXQG
DOORZHG WR UHVWULFW WKH LQWHUYDO RI LQWHUHVW WR JHQHV ZKLFK LQFOXGHG twins 7KH GRWWHG OLQH
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VFKHPDWLFDOO\
UHSUHVHQWV WKH
GHOHWHG
FKURPRVRPDO
UHJLRQ 7KH
HOOLSVH LQ WKH
EDODQFHU
FKURPRVRPH
VFKHPDWLFDOO\
UHSUHVHQWV
PXOWLSOH
LQYHUVLRQV
%DODQFHU FKURPRVRPHV DQRWKHU PRVW XVHG WRRO IRU JHQHWLF PDQLSXODWLRQ DUH EURDGO\
XVHGIRUPDLQWDLQLQJWKHPXWDWLRQVLQIOLHVWKURXJKSUHYHQWLQJPHLRWLFUHFRPELQDWLRQ0XOWLSOH
LQYHVLRQV KDYH EHHQ JHQHUDWHG LQ EDODQFHU FKURPRVRPHV ZKLFK GHFUHDVH GUDPDWLFDOO\ WKH
SRVVLELOLW\RIKRPRORJRXVUHFRPELQDWLRQ(YHQWKRXJKLQVRPHUDUHFDVHVLWFRXOGVWLOOKDSSHQ
VXFKUHFRPELQDWLRQZLOOEHOHWKDOIRUIOLHVGXHWRGXSOLFDWLRQRUGHOHWLRQRIVRPHJHQHV%DODQFHU
FKURPRVRPHDOVRFDUULHVVRPHNLQGRIYLVLEOHSKHQRW\SHPDUNHUVDQGFRQWDLQVDOHWKDOUHFHVVLYH
DOOHOH 7KXV D IO\ FDUU\LQJ D KRPR]\JRXV OHWKDO PXWDWLRQ FDQ DOZD\V EH PDLQWDLQHG LQ LWV
KHWHUR]\JRXVVWDWHZLWKDEDODQFHUFKURPRVRPHDQGFDQEHHDVLO\UHFRJQL]HG
,QDGGLWLRQWRJHQHWLFPHWKRGVGLIIHUHQWELRFKHPLFDODSSURDFKHVKDYHEHHQGHYHORSHGWR
LQYHVWLJDWH SURWHLQ QHWZRUNV LQ Drosophila 0RVW ELRORJLFDO SURFHVVHV DUH LQWHJUDWHG V\VWHP
UHTXLULQJSURWHLQSURWHLQLQWHUDFWLRQ,GHQWLILFDWLRQRIWKHFRPSRQHQWVRIDSURWHLQFRPSOH[FDQ
SURYLGH DQ DGGLWLRQDO LQGLFDWLRQ RI WKH LQWHUDFWLQJ SDUWQHUV LGHQWLILHG IURP JHQHWLF LQWHUDFWLRQ
DQDO\VLV ,Q RXU ODERUDWRU\ D VLQJOH VWHS DIILQLW\ SXULILFDWLRQPHWKRG KDV EHHQ GHYHORSHG:H
WDNHDGYDQWDJHRIDKLJKDIILQLW\EHWZHHQ WKHSURWHLQ$3U$ WDJDQG WKH UDEELW ,J*ZKLFK LV
FRXSOHG WR SDUDPDJQHWLF EHDG 8VLQJ*DWHZD\70 YHFWRUV WKH 3U$ WDJ FDQ EH HDVLO\ IXVHG WR
HLWKHUWKH1WHUPLQDORUWKH&WHUPLQDORIWKHSURWHLQRILQWHUHVW7KHQWKH3U$WDJJHGSURWHLQ
VHUYLQJ DV EDLW FDQ EH H[SUHVVHG HLWKHU LQ FXOWXUHG FHOOV RU LQ V\QF\WLDO HPEU\RV )ROORZLQJ
DIILQLW\SXULILFDWLRQFRXSOHGWRPDVVVSHFWURPHWU\DQDO\VLVDVVRFLDWHGSURWHLQVFDQEHLGHQWLILHG
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)LJXUH  7KLV PHWKRG KDV EHHQ YDOLGDWHG E\ WKH SXULILFDWLRQ RI VHYHUDO NQRZQ SURWHLQ
FRPSOH[HVLQRXUODERUDWRU\>@


)LJXUH7KHSULQFLSOHRI3U$DIILQLW\SXULIXFDWLRQFRXSOHGWRPDVVVSHFWURPHWU\06
RISURWHLQFRPSOH[IURPDrosophilaFXOWXUHGFHOOVDQGV\QF\WLDOHPEU\RV7KHPDLQVWHSVRI
FHOO OLQH DQG IO\ OLQH SUHSDUDWLRQV DUH LOOXVWUDWHG LQ WKH IORZFKDUW %RWK FHOOV DQG IOLHV FDQ EH
ODUJHO\DPSOLILHGLQDSSURSULDWHFRQWDLQHUVLOOXVWUDWHGLQWKHILJXUH)ROOZLQJWKHFROOHFWLRQRID
KXJHDPRXQWRIFHOOVDQGV\QF\WLDOHPEU\RVODLGIRUOHVVWKDQWZRKRXUV3U$WDJJHGSURWHLQ;
FDQEHSXULILHGZLWK,J*FRXSOHGWRPDJQHWLFEHDG3URWHLQ<FRSXULILHGZLWKWKHEDLWSURWHLQ;
FDQEHLGHQWLILHGVXEVHTXHQWO\E\06
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'XULQJP\3K'ZRUNDrosophila V\QF\WLDO HPEU\RVZHUH IUHTXHQWO\ XVHG IRU WKH FHOO
F\FOH VWXG\ 7KHVH HPEU\RV SURYLGH DQ XQSDUDOOHOHG RSSRUWXQLW\ IRU PLWRVLV UHJXODWLRQ VWXG\
WKURXJKWKHFRPELQDWLRQRIELRFKHPLFDOJHQHWLFDQGUHDOWLPHLPDJLQJDSSURDFKHV(PEU\RQLF
V\QF\WLDOFHOOF\FOHVDUHQRQFDQRQLFDOF\FOHVFRQVLVWLQJRI UDSLG URXQGV DERXWPLQSHU
F\FOHRIV\QFKURQRXV6DQG0SKDVHV6XFKDQ60F\FOHZKLFKODFNVRIWKHJDSSKDVHVRI*
DQG* UHOLHVRQVWRFNSLOHVRIPLWRWLFSURWHLQFRPSOH[HV LQ WKHHPEU\R ,QRXU ODERUDWRU\E\
XVLQJV\QFLWLDOHPEU\RVZHVXFFHHGHGWRSXULI\VHYHUDOQRYHOPLWRWLFSURWHLQSURWHLQFRPSOH[HV
ZKLFK KDYH EHHQ PLVVHG ZKHQ FXOWXUHG FHOOV ZHUH XVHG 0RUHRYHU ZLWK UHJDUGV WR JHQHWLF
PDQLSXODWLRQ H[WUHPHO\ UDSLG 60 FHOO F\FOH LV DOVR DQ DGYDQWDJH VLQFH VXFK F\FOH LV PRUH
VHQVLWLYH WR WKH GRVH RI PLWRWLF IDFWRUV )RU H[DPSOH KHWHUR]\JRXV polo polo11 DQG twins 
twinspGRXEOHPXWDQWVDUHYLDEOHDQGQRUPDOEXWDGUDPDWLFFHQWURVRPHGHWDFKPHQWSKHQRW\SH
KDVEHHQGLVFRYHUHGLQV\QF\WLDOHPEU\RVODLGE\VXFKPRWKHUV>@0RUHRYHUV\QF\WLDOF\FOH
LVLQGHSHQGHQWRI]\JRWLFJHQHH[SUHVVLRQEXWLVFRPSOHWHO\GULYHQE\WKHJHQHSURGXFWVRIWKH
PRWKHU 7KXV JHQH IXQFWLRQ LQ V\QF\WLDO HPEU\RV FDQ EH LQYHVWLJDWHG E\ SHUIRUPLQJ VLPSOH
PRGLILFDWLRQ RI WKH JHQRW\SH RI WKH PRWKHU $OVR V\QF\WLDO FHOO F\FOHV DUH QXFOHDU GLYLVLRQ
F\FOHVUXQQLQJLQDFRPPRQF\WRSODVPVRJHQHIXQFWLRQFDQEHG\QDPLFDOO\DQDO\]HGZLWKUHDO
WLPHPLFURVFRS\LQDQLPDOVH[SUHVVLQJIOXRUHVFHQWO\ODEHOHGPDUNHUSURWHLQVDQGSHUWXUEDWLRQV
FDQ EH DSSOLHG ZLWK PXWDWLRQV PLFURLQMHFWLRQ RI GV51$ RU FKHPLFDO LQKLELWRUV RI VSHFLILF
SURWHLQVGLUHFWO\LQWRWKHHPEU\R
0LWRWLFSURJUHVVLRQLVWLJKWO\UHJXODWHGE\UHYHUVLEOHSKRVSKRU\ODWLRQV
,Q SUHYLRXV VHFWLRQV , KDYH GHVFULEHG EULHIO\ VRPH RI WKH PDLQ FHOO F\FOH FRQWURO
PHFKDQLVPV $PRQJ WKHVH PHFKDQLVPV WLPHO\ SKRVSKRU\ODWLRQ DQG GHSKRVSKRU\ODWLRQ RI
SURWHLQVDUHFUXFLDOIRUIDLWKIXOSURJUHVVLRQRIWKHFHOOF\FOH.LQDVHVDQGSKRVSKRWDVHVLQYROYHG
FROODERUDWHWRHQVXUHWKHVZLWFKOLNHDFWLYDWLRQRI&GNVZKLFKLQWXUQWULJJHUDEUXSWWUDQVLWLRQV
LQWRWKHQH[WSKDVHV,QDGGLWLRQDVGHVFULEHGSUHYLRXVO\UHYHUVLEOHSKRVSKRU\ODWLRQHYHQWVDUH
DOVRLPSOLFDWHGLQWKHFRQWURORISURWHRO\VLVDQGFKHFNSRLQWV+HUH,ZLOOIRFXVRQVRPHRIWKH
PDLQUHYHUVLEOHSKRVSKRU\ODWLRQHYHQWVZKLFKUHJXODWHPLWRWLFSURJUHVVLRQDQGZKLFKDUHDOVR
WKHPDLQLQWHUHVWVRIP\3K'ZRUN
$VPHQWLRQHGLQWKHVHFWLRQWKHDEUXSWLQWHUSKDVHņ0SKDVHWUDQVLWLRQGHSHQGV
RQ WKH &GN:HH&GF PLWRWLF FRQWURO QHWZRUN 'XULQJ 6 DQG * SKDVHV JUDGXDOO\
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DFFXPXODWLQJF\FOLQ%ELQGVWR&GN+RZHYHU:HHDQG0\WNLQDVHVSKRVSKRU\ODWHWKH7
DQG < RQ &GN WR SUHYHQW LWV DFWLYDWLRQ >@ 8SRQ PLWRWLF HQWU\ WKH DFWLYDWHG &GF
SKRVSKDWDVHUHPRYHVWKHVHWZRLQKLELWRU\SKRVSKDWHVOHDGLQJWRWKHDFWLYDWLRQRI&GN>@
$FWLYDWHG &GN LQ WXUQ SKRVSKRU\ODWHV DQG LQKLELWV LWV LQKLELWRUV ņ :HH0\W DQG
VLPXOWDQHRXVO\SKRVSKRU\ODWHVDQGDFWLYDWHVLWVDFWLYDWRUņ&GF>@7KHVHWZRSRVLWLYH
IHHGEDFNORRSVHQVXUHDUDSLGDXWRDPSOLILFDWLRQRI&GNDFWLYLW\>@
,QRUGHUWRWULJJHUDVZLWFKOLNHDFWLYDWLRQRI&GNDGGLWLRQDOELRFKHPLFDOPHFKDQLVPV
DUH UHTXLUHG2QH LPSRUWDQWPHFKDQLVP LV WKDWERWK:HH LQKLELWLRQDQG&GFDFWLYDWLRQDUH
XOWUDVHQVLWLYHLQUHVSRQVHWRSKRVSKRU\ODWLRQFDWDO\]HGE\&GN>@7KHUHIRUHHYHQZLWK
DORZDFWLYLW\&GNFDQYHU\TXLFNO\LQDFWLYDWHLWVLQKLELWRUņ:HHDQGDFWLYDWHLWVDFWLYDWRUņ
&GFE\GLUHFWO\SKRVSKRU\ODWLQJ WKHPDWPXOWLSOH VLWHV >@7KLVPHFKDQLVPHPEHGGHG LQ
WKH SRVLWLYH IHHGEDFN ORRSV HQVXUHV WKH DEUXSWQHVV RI &GN DFWLYDWLRQ DQG LQFUHDVHV WKH
UREXVWQHVV RI WKH µELVWDELOLW\¶ RI WKH &GN:HH&GF V\VWHP  7KH µELVWDELOLW\¶ LV DQ HDUO\
PDWKHPDWLFDO FRQFHSW GHOLQHDWLQJ WKHPLWRWLF RQVHW >@ ,W LQGLFDWHV WKDW WKH FHOO HLWKHU VWD\V
VWHDGLO\LQLQWHUSKDVHRUSURJUHVVHVLQWR0SKDVHZLWKRXWEHLQJDEOHWRUHVWLQLQWHUPHGLDWHVWDWHV
,QRWKHUZRUGVLWGHVFULEHVDFKDUDFWHURIDOORUQRQHWUDQVLWLRQLQWRPLWRVLVZKLFKUHOLHVRQWKH
ZKROHRUYHU\ORZDFWLYLW\RI&GNZLWKRXWDQ\LQWHUPHGLDWHSRVVLELOLWLHV>@
)LJXUH7KHRUHWLFDOSUHGLFWLRQ
RI WKH PRGHV RI &GN DFWLYDWLRQ
FRQWUROOHGE\GLIIHUHQWPHFKDQLVPV
47 UHSUHVHQWV WKH WKUHVKROG
TXDQWLW\ RI F\FOLQ % UHTXLUHG IRU
&GNDFWLYDWLRQ >@ 7KH EOXH
DUURZ LQGLFDWHV WKH WUDQVLWLRQ IURP
LQWHUSKDVH WR SKDVH0DQG WKH UHG
DUURZ LQGLFDWHV WKH UHYHUVH
WUDQVLWLRQ IURP SKDVH 0 WR
LQWHUSKDVH 7KH EOXH DQG UHG
GDVKHG OLQHV UHSUHVHQW WKH VZLWFK
OLNH DFWLYDWLRQ DQG LQDFWLYDWLRQ RI
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&GN UHVSHFWLYHO\ D7KLVPRGHO H[SHFWV WKDW JUDGXDOO\ LQFUHDVHG F\FOLQ% GLUHFWO\ DFWLYDWHV
&GN+HQFH WKH WKUHVKROGTXDQWLW\RIF\FOLQ%ņ47 LVQRW UHTXLUHG LQ WKLVPRGHOE ,Q WKLV
PRGHO RQFH 47 LV VDWLVILHG &GN DFWLYDWLRQ FDQ EH JUHDWO\ VSHHGHG XS WKURXJK WKH SRVLWLYH
IHHGEDFNPHFKDQLVPZKHUHE\&GNDFWLYDWHVLWVDFWLYDWRU&GFDQGLQKLELWVLWVLQKLELWRU:HH
F7KLVPRGHODOORZVDVZLWKOLNHDFWLYDWLRQRI&GNWKURXJKFRPELQDWLRQRISRVLWLYHIHHGEDFN
DQG XOWUDVHQVLWLYHPHFKDQLVPV+RZHYHU WKH DFWLYDWLRQ DQG LQDFWLYDWLRQ WKUHVKROG TXDQWLW\ RI
F\FOLQ%DUH LGHQWLFDOZKLFKPD\OHDG WRDQXQVWDEOHDQGUHYHUVLEOHSKDVH WUDQVLWLRQG:KHQ
K\VWHUHVLV LV DSSOLHG WR WKH V\VWHP F\FOLQ% TXDQWLW\ LV HOHYDWHG DERYH LWV WKUHVKROG TXDQWLW\
7KHUHIRUHWKHFHOOZLOOWUDQVLWLUUHYHUVLEO\IURPLQWHUSKDVHLQWR0SKDVH7KHUHYHUVHWUDQVLWLRQ
IURPSKDVH0EDFNWRLQWHUSKDVHFDQRFFXURQO\ZKHQWKHTXDQWLW\RIF\FOLQ%GURSVEHORZWKH
WKUHVKROGTXDQWLW\ņ47
,QDGGLWLRQWRWKHPHFKDQLVPRIXOWUDVHQVLWLYHUHVSRQVHWKHELVWDEOH&GN:HH&GF
V\VWHPDOVRFUHDWHVDUHODWLYHO\KLJK&GNDFWLYLW\WKUHVKROGIRUVZLWFKLQJIURPLQWHUSKDVHWR0
SKDVH DQG D ORZHU&GN DFWLYLW\ WKUHVKROG IRU VZLWFKLQJ IURP0SKDVH EDFN WR LQWHUSKDVH D
SKHQRPHQRQLVNQRZQDVK\VWHUHVLV,QGHHG&GNLVNHSWLQDFWLYHXQWLOF\FOLQ%DFFXPXODWHVWR
WKH OHYHO LQH[FHVVRI WKH UHTXLUHPHQW IRUPLWRVLV >@7KXV WKLVPHFKDQLVPZDV WKRXJKW WR
HQVXUHDQLUUHYHUVLEOHWUDQVLWLRQLQWRPLWRVLV>@)LJXUH7KLVPRGHOLVVWLOOEURDGO\
DFFHSWHG WRGD\ \HW LW DSSHDUV LQVXIILFLHQW WR DFFRXQW IRU WKH ³LUUHYHUVLELOLW\´ $ UHFHQW SDSHU
VKRZHGWKDWUHWUDFWLQJ&GNDFWLYLW\LQSURSKDVHGRHVOHDGWRDUHYHUVDORIPLWRWLFHQWU\>@,Q
FRQWUDVW ZKHQ &GN ZDV LQKLELWHG DW DQ\ SRLQW LQ SURPHWDSKDVH RU PHWDSKDVH FHOOV VWLOO
SURJUHVVHG IRUZDUG WKURXJK WKH FHOO F\FOH >@ 7KH DXWKRUV IXUWKHU GHPRQVWUDWHG WKDW WKH
SKRVSKRU\ODWLRQRI&GNVXEVWUDWHVGUDPDWLFDOO\ LQFUHDVHV LQSURSKDVHDQGFRQWLQXHV WR ULVH LQ
SURPHWDSKDVH 7KHUHIRUH WR EH H[DFW WKH LUUHYHUVLELOLW\ RI LQWHUSKDVH ņ 0 SKDVH WUDQVLWLRQ
GHSHQGVRQWKHVWDWXVRIWKHSKRVSKRU\ODWLRQRI&GNVXEVWUDWHVUDWKHUWKDQ&GN¶VRZQDFWLYLW\
,QWHUHVWLQJO\WKHDXWKRUVDOVRIRXQGWKDWFHOOVZKLFKKDGEHHQWUHDWHGVLPXOWDQHRXVO\ZLWKERWK
:HH0\WDQG&GFLQKLELWRUVDWWKHHQGRI6SKDVHGLGHQWHUPLWRVLVSUHPDWXUHO\EXWPXFK
VORZHU>@(YHQWKHURXQGLQJXSRIFHOOVZKLFKLVDFKDUDFWHULVWLFIRUPLWRWLFHQWU\DQGFDQ
EHWULJJHUHGE\ORZDFWLYLW\RI&GNZDVQRWLFHGWRVORZGRZQ>@,QDFFRUGDQFHZLWK
WKH WKHRUHWLFDO SUHGLFWLRQ RI WKHPRGH RI&GN DFWLYDWLRQ LQ WKH DEVHQFH RI SRVLWLYH IHHGEDFN
ORRSV )LJXUH D WKLV GHOD\ LV SUREDEO\ GXH WR WKH UHODWLYHO\ VORZ DFWLYDWLRQ RI &GN ,Q
DGGLWLRQ WKH\ GHPRQVWUDWHG WKDW FHOOVZKLFK KDYH EHHQ WUHDWHGZLWK LQKLELWRUV RI:HH0\W
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DQG&GFDWWKHHQGRI6SKDVHZHUHXQDEOHWRPDLQWDLQWKHLUPLWRWLFVWDWHDIWHUQXFOHDUHQYHORS
EUHDNGRZQ 1(%' D SKHQRW\SH WHUPHG ³PLWRWLF FROODSVH´ >@ ,Q WKRVH FHOOV WKH
GHSKRVSKRU\ODWLRQRIPLWRWLF VXEVWUDWHVZDVGHWHFWHGZLWKRXW WKH LQDFWLYDWLRQRI&GNDQG WKH
SURWHRO\VLVRIF\FOLQ%>@0RUHRYHUPLWRWLFFROODSVHFDQEHVXSSUHVVHGE\LQKLELWLQJSURWHLQ
SKRVSKDWDVH $ 33$ ZLWK RNDGDLF DFLG 2$ >@ 7KXV LW LQGLFDWHV FOHDUO\ WKDW 33$
FRXQWHUDFWV&GNE\GHSKRVSKRU\ODWLQJLWVPLWRWLFVXEVWUDWHV0RUHRYHUZKHQ&GNDFWLYLW\LV
FRPSURPLVHG E\ DEURJDWLQJ WKH SRVLWLYH IHHGEDFN ORRSV 33$ FDQ DSSDUHQWO\ RYHUULGH WKH
UHODWLYHO\ORZ&GNDFWLYLW\DQGOHDGWRWKHGHSKRVSKRU\ODWLRQRIPLWRWLFVXEVWUDWHV,QGHHGWKH
HDUO\PDWKHPDWLFDOPRGHOKDVGHPRQVWUDWHG WKDW33$FRXQWHUEDODQFHV WKH DFWLRQRI&GNRQ
:HHDQG&GF>@8SWRGDWHZHVWLOOQRWNQRZZKLFKIRUPRI33$GLUHFWO\
GHSKRVSKRU\ODWHVWKH&GNSKRVSKRU\ODWLRQVLWHVRQ:HHDQG&GFEXWZHGRNQRZWKDWLWLV
WKH %Į DQG %į IRUPV 33$ 33$%Į į WKDW FRXQWHUDFW &GN RQ PDQ\ PLWRWLF
VXEVWUDWHVLQKLJKHUHXNDU\RWHV>@7KXVXSRQPLWRWLFHQWU\&GNDFWLYLW\VKRXOGEHDEOH
WR RYHUFRPH WKH DFWLYLW\ RI 33$% OHDGLQJ WR WKH VXEVWDQWLDO SKRVSKRU\ODWLRQ RI PLWRWLF
VXEVWUDWHV ,QGHHG LWZDVGHPRQVWUDWHGWKDW*UHDWZDOONLQDVH*ZOPHGLDWHV WKHLQKLELWLRQRI
33$% WKURXJK Į(QGRVXOILQH (QVD RU (QGRV DQG F\FOLF$03UHJXODWHG SKRVSKRSURWHLQ
$USS DW PLWRWLF RQVHW ZKLFK FRQWULEXWHV WR WKH DEUXSW LQFUHDVH RI &GNSKRVSKRU\ODWHG
VXEVWUDWHVDQGWKHLUUHYHUVLEOHWUDQVLWLRQLQWRPLWRVLV>@
,QFRQWUDVWWRPLWRWLFHQWU\WLPHO\GHSKRVSKRU\ODWLRQRIPLWRWLFSKRVSKRSURWHLQVDVZHOO
DVWKH$3&&PHGLDWHGF\FOLQ%GHJUDGDWLRQDUHERWKUHTXLUHGIRUWKHLQLWLDWLRQRIDQDSKDVHDQG
PLWRWLFH[LW>@,QGHHGVHYHUDOUHFHQWSDSHUVVKHGOLJKWRQWKHPHFKDQLVPVRIUHDFWLYDWLRQRI
NH\ SKRVSKDWDVHV DQG LQDFWLYDWLRQ RI *ZO DQG (QGRV XSRQPLWRWLF H[LW , ZLOO GHVFULEH WKHVH
PHFKDQLVPVLQGHWDLOLQWKHQH[WVHFWLRQ
,Q VXPPDU\ WKH SURJUHVVLRQ WKURXJK PLWRVLV LQYROYHV D ODUJH QXPEHU RI UHYHUVLEOH
SKRVSKRU\ODWLRQ HYHQWV 3KRVSKRU\ODWLRQ KDV EHHQ SURYHQ WR EH WKH PRVW UDSLG DQG YHUVDWLOH
UHYHUVLEOHSRVWWUDQVODWLRQDOPRGLILFDWLRQRISURWHLQVDIIHFWLQJDFWLYLW\ORFDOL]DWLRQVWDELOLW\DQG
SURWHLQSURWHLQ LQWHUDFWLRQ ZKRVH FKDQJHV DUH XVXDOO\ UHTXLUHG IRU WULJJHULQJ GRZQVWUHDP
PLWRWLF HYHQWV >@ 7KXV WKH LQWHUSOD\ EHWZHHQ PLWRWLF NLQDVHV DQG SKRVSKDWDVHV PXVW EH
RUFKHVWUDWHGWRHQVXUHWKHLUUHYHUVLEOHPLWRWLFHQWU\DQGH[LWDQGWKXVIDLWKIXOPLWRWLFSURJUHVVLRQ
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,W LV LPSRUWDQW WR QRWH WKDW LQ DGGLWLRQ WR WKH NLQDVHVPHQWLRQHG DERYH WKHUH DUH RWKHU
NLQDVH IDPLOLHV VXFK DV $XURUD NLQDVHV DQG 3ROROLNH NLQDVHV 3ONV ZKLFK DUH DOVR FUXFLDO
UHJXODWRUV IRUPLWRWLFSURJUHVVLRQ&RUUHVSRQGLQJO\RWKHUSKRVSKDWDVHV VXFKDV33DQGRWKHU
PHPEHUVRI33$IDPLO\KDYHEHHQGHPRQVWUDWHGWRSOD\LPSRUWDQWUROHLQPLWRWLFFRQWURO)RU
H[DPSOH DV PHQWLRQHG SUHYLRXVO\ 33$% FRXQWHUEDODQFHV 3ON DQG $XURUD % WR LQLWLDWH
VSLQGOH FKHFNSRLQW VLOHQFLQJ ZKHQ FKURPRVRPHV DUH FRUUHFWO\ ERXQG WR PLFURWXEXOHV >@
$QRWKHUH[DPSOHXSRQPLWRWLFHQWU\ERWK33DQG3ONDUHUHTXLUHGIRU WKHDFWLYDWLRQ&GF
>@+HUH ,ZRQ¶WGHVFULEH WKH UROHVRIDOO WKHVHNLQDVHVDQGSKRVSKDWDVHV LQGHWDLO WKH
IROORZLQJ VHFWLRQ ZLOO IRFXV RQ WKH *UHDWZDOO NLQDVH ņ 33$% SKRVSKDWDVH SDWKZD\ LQ
PLWRWLF SURJUHVVLRQ FRQWURO ZKLFK KDV EHHQ WKH PDMRU UHVHDUFK SURMHFW RI P\ 3K' WUDLQLQJ
GXULQJWKHSDVWILYH\HDUV
 *UHDWZDOO NLQDVH ± 33$% SKRVSKDWDVH D[LV LQ PLWRWLF
SURJUHVVLRQFRQWURO
 7KH PXOWLIXQFWLRQDO SKRVSKDWDVH 33$% LV LPSOLFDWHG LQ D EURDG
YDULHW\RIFHOOXODUSURFHVVHV
 ,QWKHSDUDJUDSKVEHORZ,ZLOOGHVFULEHWKHUROHRIWKHSURWHLQSKRVSKDWDVH33$%LQ
PLWRWLF SURJUHVVLRQ DV ZHOO DV LWV PXOWLSOH IXQFWLRQV DSDUW IURP PLWRWLF FRQWURO 7KRVH QRQ
PLWRWLFIXQFWLRQVKDGSHUSOH[HGPHDWWKHEHJLQQLQJRIP\3K'WUDLQLQJE\FRPSOLFDWLQJ33$
%SDWKZD\V+RZHYHUWKH\DOVRLQVSLUHGPHWRIRUPXODWHVHYHUDOK\SRWKHVHVIRUQRYHOUROHVRI
33$%ZKLFK,UHFHQWO\GLVFRYHUHG+HUH,ZLOOWDNHDGYDQWDJHRIWKHUHGDFWLRQRIP\WKHVLV
WRSUHVHQWDPLQLUHYLHZRI33$%
33$VWUXFWXUH
33$LVDYHU\DEXQGDQWDQGUHPDUNDEO\FRQVHUYHGVHULQHWKUHRQLQHSKRVSKDWDVHZKLFK
LV LPSOLFDWHG LQDPXOWLWXGHRIFHOOXODUIXQFWLRQV8QOLNH&GF33$GRHVQRWH[LVWDVDIUHH
FDWDO\WLF XQLW EXW UDWKHU D KHWHURWULPHWULF HQ]\PH 33$ FRQWDLQV D FRUH HQ]\PH ZKLFK LV D
GLPHU33$'FRPSRVHGRIDVWUXFWXUDOVXEXQLW$DOVRNQRZQDV35DQGDFDWDO\WLFVXEXQLW
&33$&7KLVFRUHHQ]\PHDVVRFLDWHVZLWKDYDULDEOHUHJXODWRU\%W\SHVXEXQLWWRFRQVWLWXWH
WKHKRORHQ]\PH7KHUHDUH IDPLOLHVRI%W\SHVXEXQLWV% DOVRNQRZQDV%RU35%¶
32

%RU35%´353535DQG%¶´35350RUHRYHUHDFKIDPLO\FRQVLVWV
RIPXOWLSOHLVRIRUPVVRPHRIZKLFKKDYHPXOWLSOHVSOLFHYDULDQWV)RUH[DPSOHWKH%IDPLO\
FRQWDLQVLVRIRUPVĮȕȖįDQGWKH%IDPLO\KDVILYHLVRIRUPVĮȕȖįDQGİ%HFDXVH$
DQG&VXEXQLWVDOVRH[LVWLQWZRLVRIRUPVPRUHWKDQ33$KRORHQ]\PHVFDQEHDVVHPEOHGE\
FRPELQDWLRQ RI GLIIHUHQW VXEXQLW LVRIRUPV >@ 7KHVH % VXEXQLWV DUH H[SUHVVHG LQ D WLVVXH
VSHFLILF DQG FHOO W\SH VSHFLILF PDQQHU ,Q WKLV UHJDUGV WKH UHJXODWRU\ VXEXQLWV GHWHUPLQH WKH
VXEVWUDWH VSHFLILFLW\ DV ZHOO DV WKH VXEFHOOXODU ORFDOL]DWLRQ RI 33$ KRORHQ]\PH > @
7KHUHIRUH WKHDVVHPEO\RIDFRUHHQ]\PHZLWK WKHDSSURSULDWH%W\SHVXEXQLW LV LPSRUWDQWIRU
WKHIXQFWLRQRI33$>@
33$%DVVHPEO\UHJXODWLRQDQGVXEVWUDWHUHFUXLWPHQW
,WZDVGHPRQVWUDWHGWKDWGLVWLQFWPRGLILFDWLRQVRIWKH&WHUPLQDOWDLORIFDWDO\WLFVXEXQLW
&33$&XQGHUOLHVWKHVHOHFWLYLW\IRU%W\SHVXEXQLWVIRUWKHKRORHQ]\PHDVVHPEO\>@)RU
H[DPSOH WKHUH LV HYLGHQFH WKDW WKHPHWK\ODWLRQ RI OHXFLQH  LQ&WHUPLQDO WDLO RI 33$& LV
QHFHVVDU\ IRU WKH % EXW QRW WKH % VXEXQLW UHFUXLWPHQW >@ ,QWHUHVWLQJO\ WKHUH LV D
GLIIHUHQWLDOPHWK\ODWLRQRI33$&GXULQJWKHFHOOF\FOHVXJJHVWLQJDUROHRIWKHPHWK\ODWLRQLQ
FHOOF\FOHUHJXODWLRQ>@+RZHYHUVRPHUHFHQWSDSHUVVKRZHGWKDWPHWK\ODWLRQRI33$&LV
QRW QHFHVVDU\ IRU in vitro DVVHPEO\ RI 33$% EXW RQO\ IRU IDFLOLWDWLQJ WKH DVVHPEO\ E\
HQKDQFLQJ % ELQGLQJ DIILQLW\ >@ ,Q FRQWUDVW WR 33$& PHWK\ODWLRQ WKH GLUHFW
SKRVKRU\ODWLRQDW6HURQ%ĮLQPLWRWLFFHOOVZDVGHPRQVWUDWHGWRSUHYHQWWKHKRORHQ]\PH
DVVHPEO\ >@ 7KLV VLWH FRUUHVSRQGV WR WKH SKRVSKRU\ODWLRQ PRWLI RI &GN VXJJHVWLQJ WKDW
&GNPD\GLUHFWO\LQKLELW33$%ĮE\SUHYHQWLQJLWVDVVHPEO\+RZHYHUXSWRGDWHWKHUHDUH
QR IXUWKHU UHVXOWV WR SURYH WKLV SRVVLELOLW\ $OWRJHWKHU WKHVH UHVXOWV VXJJHVW WKDW ERWK WKH
PHWK\ODWLRQ RI 33$& DQG WKH SKRVSKRU\ODLWRQ RI %Į FRQWULEXWH WR D FHOO F\FOHGHSHQGHQW
UHJXODWLRQRI33$%KRORHQ]\PHDVVHPEO\
,Q DGGLWLRQ WR WKH LQWULQVLF UHJXODWLRQV PHQWLRQHG DERYH 33$% DVVHPEO\ LV DOVR
DIIHFWHG E\ H[WHUQDO VWLPXOXV  )RU H[DPSOH XSRQ JOXWDPLQH EXW QRW JOXFRVH GHSULYDWLRQ D
33$& LQWHUDFWLQJ SURWHLQ QDPHG Į SURPRWHV WKH DVVHPEO\ RI 33$% ZKLFK VXSSRUWV
FDQFHU FHOOV VXUYLYDO LQ D S GHSHQGHQW PDQQHU >@ 0RUHRYHU LQ UHVSRQVH WR LRQLVLQJ
UDGLDWLRQ%GLVVRFLDWHVIURPWKHFRUHHQ]\PHLQWKHQXFOHXVWKURXJKDQDWD[LDWHODQJLHFWDVLD
PXWDWHG $70 GHSHQGHQW PHFKDQLVP >@ )XUWKHUPRUH LW ZDV GHPRQVWUDWHG WKDW ERWK WKH
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SRO\RPDDQGVLPLDQYLUXV69VPDOOWDQWLJHQGLVSODFHVWKH%IURPWKH33$KRORHQ]\PH
E\ FRPSHWLQJ IRU WKH VDPH ELQGLQJ VLWHV RQ WKH VWUXFWXUDO VXEXQLW $ OHDGLQJ WR WKH
GLVRUJDQLVDWLRQRIF\WRVNHOHWRQ>@
)LJXUH2YHUDOOVWUXFWXUHRIWKH33$
KRORHQ]\PH LQYROYLQJ WKH %Į VXEXQLW7KH
VFDIIROG $Į FDWDO\WLF &Į DQG
UHJXODWRU\ % %Į VXEXQLWV DUH VKRZQ LQ
\HOORZ JUHHQ DQG EOXH UHVSHFWLYHO\ 7KH
P\FURF\VWLQ/5 0&/5 D SRWHQW
LQKLELWRU RI 33$ LV VKRZQ LQ PDJHQWD
7KH SXWDWLYH VXEVWUDWHELQGLQJ JURRYH RQ
WKH WRS IDFHRI WKH%ĮSURSHOOHU LV ORFDWHG
LQFORVHSUR[LPLW\WRWKHDFWLYHVLWHRIWKH&
VXEXQLW RI 33$ 7KLV ILJXUHZDV DGDSWHG
IURP<DQKXL;Xet al. >@ZLWKSHUPLVVLRQIURPSXEOLVKHU(OVHYLHU
2QFHDVVHPEOHGLQWRDKRORHQ]\PHWKH33$%FRPSOH[UHFUXLWVGLIIHUHQWVXEVWUDWHV
WKURXJKDSXWDWLYHVXEVWUDWHELQGLQJJURRYHORFDOL]HGLQWKH%VXEXQLWDWDSRVLWLRQSUR[LPDO
WRWKHDFWLYHVLWHRI33$&>@)LJXUH7KLVVXEVWUDWHELQGLQJJURRYHPD\DOVRPHGLDWH
WKH ELQGLQJ RI (QGRV ZKLFK LV ERWK D VXEVWUDWH DQG D FRPSHWLWLYH LQKLELWRU RI 33$%
EORFNLQJ WKH DFWLYH VLWH RI 33$& >@ ,Q DGGLWLRQ DGHQRYLUXV (RUI SURWHLQ ZKRVH
RYHUH[SUHVVLRQLQGXFHVSLQGHSHQGHQWDSRSWRVLVLQFDQFHUFHOOVEXWQRWLQQRUPDOKXPDQFHOOV
ZDV VXJJHVWHG WR PRGLI\ 33$% DFWLYLW\ WKURXJK GLUHFW LQWHUDFWLRQ ZLWK % >@
,QWHUHVWLQJO\DUHFHQWSDSHUGHPRQVWUDWHGWKDW(RUIELQGVWR%DFURVVLWVSXWDWLYHVXEVWUDWH
ELQGLQJJURRYH>@7KHUHIRUHLWZDVDVVXPHGWKDW(RUILQGXFHGFDQFHUFHOOGHDWKLVDUHVXOW
RI WKHSUHYHQWLRQRIELQGLQJRIVRPH33$%NH\VXEVWUDWHVZKLFKDUHHVVHQWLDO IRUFDQFHU
FHOOVXUYLYDO,QGHHGLWZDVGHPRQVWUDWHGWKDWWKHLQWHUDFWLRQEHWZHHQ(RUIDQG%SUHYHQWV
WKH ELQGLQJ RI UHWLQREODVWRPD SURWHLQ S >@ZKLFK SOD\V DQ LPSRUWDQW UROH LQ DSRSWRVLV
>@+RZHYHUGXULQJD W\SLFDO DGHQRYLUXV LQIHFWLRQ WKH(RUIH[SUHVVLRQ OHYHO LVQRWKLJK
HQRXJKWRLQGXFHHIILFLHQWFHOONLOOLQJ+HQFH LWZDVVXJJHVWHGWKDW(RUIELQGLQJPD\WDUJHW
33$% WR VRPH VXEVWUDWHV IDYRULQJ WKHYLUXV LQIHFWLRXVF\FOH ,QGHHG LWZDVGHPRQVWUDWHG
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WKDWWKHGHSKRVSKRU\ODWLRQRIVSOLFLQJIDFWRU$6)6)656)E\33$%ZKLFKLVQHFHVVDU\
IRUODWHYLUDOSURWHLQSURGXFWLRQLV(RUIGHSHQGHQW>@
,QFRQFOXVLRQWKHVHUHVXOWVLQGLFDWHWKDWWKHDFWLYLW\RI33$%LVQRWRQO\UHJXODWHG
E\(QGRVDQG$USSZKLFKGLUHFWO\ELQGWRDQGLQKLELWLWVDFWLYLW\EXWDOVRGHWHUPLQHGE\WKH
PHFKDQLVPVLQWHUIHULQJLQWKH%W\SHKRORHQ]\PHDVVHPEO\RUVXEVWUDWHELQGLQJ
33$%DQGFDQFHUV
7KH % VXEXQLW LV WKRXJKW WR EH WKH PDVWHU UHJXODWRU RI 33$ DQG KDV EHHQ
GHPRQVWUDWHG WRSOD\ LPSRUWDQW UROH LQGLIIHUHQW VLJQDOLQJSDWKZD\V DQG LWV GHUHJXODWLRQVZDV
DVVRFLDWHGZLWKGLIIHUHQWFDQFHU W\SHV >@)RUH[DPSOH WKH OHYHORIH[SUHVVLRQRI WKH%Į
VXEXQLWZDVIRXQGWREHLQKLELWHGLQDFXWHP\HORLGOHXNDHPLD$0/SDWLHQWVDQGDFFRPSDQLHG
ZLWKDQLQFUHDVHGSKRVKRU\ODWLRQRIWKH$NWNLQDVHDW7KU>@0RUHRYHU33$%ĮZDV
SUHYLRXVO\VKRZQWREHUHTXLUHGIRUWKHGHSKRVSKRU\ODWLRQRI7KURI$NW>@7KXV%Į
VXSSUHVVLRQOHDGVWRWKHFRQVLVWHQWDFWLYDWLRQRI$NWZKLFKVXEVHTXHQWO\OHDGVWRWKHHQKDQFHG
SUROLIHUDWLRQDQGVXUYLYDORIFDQFHUFHOOV >@  ,QGHHG WKH33$DFWLYDWRU)7<WUHDWPHQW
OHGWRDQRYHUH[SUHVVLRQRI%ĮDQGOHXNDHPLDFHOOVGHDWK>@,QDGGLWLRQWR$0/LWZDV
GHPRQVWUDWHG WKDW 33$% LV DOVR LQYROYHG LQ $O]KHLPHU¶V DQG WKH GHOHWLRQ RI WKH JHQH
HQFRGLQJIRU%ZDVREVHUYHGLQOXPLQDO%EUHDVWFDQFHURYDULDQFDQFHUDQGSURVWDWHFDQFHU
>@
33$%DQGF\WRVNHOHWRQVWDELOLW\
$VPHQWLRQHGDERYHERWKWKHSRO\RPDDQGWKHVLPLDQYLUXV69VPDOOWDQWLJHQIRUP
VWDEOHFRPSOH[HVZLWKWKH33$FRUHHQ]\PHE\GLVSODFLQJ%IURPWKHKRORHQ]\PH>@
/DWHULWZDVGHPRQVWUDWHGWKDWLQVPDOOWH[SUHVVHG0'&.0DWLQ'DUE\FDQLQHNLGQH\FHOOV
WKH % VXEXQLW GLVVRFLDWHG IURP WKH PHPEUDQH DQG UHGLVWULEXWHG LQ WKH F\WRSODVP DQG
QXFOHXV>@7KLV UHGLVWULEXWLRQ RI WKH% VXEXQLW FRQVHTXHQWO\ OHDGV WR WKH GHUHJXODWLRQ RI
F\WRVNHOHWRQRUJDQL]DWLRQDQGWLJKWMXQFWLRQSURWHLQORFDOL]DWLRQERWKRIZKLFKDUHOLNHO\WREH
UHTXLUHGIRUWKHGHYHORSPHQWRIVPDOOWLQGXFHGWXPRUV>@0RUHRYHULWLVQRZZHOONQRZQ
WKDW33$%GHSKRVSKRU\ODWHVWKHQHXURQDOVSHFLILFPLFURWXEXOHDVVRFLDWHGSURWHLQņ7DXDQG
PDPPDOLDQ ILEUREODVW LQWHUPHGLDWH ILODPHQW ņ YLPHQWLQ ERWK RI ZKLFK DUH HVVHQWLDO IRU WKH
VWDELOL]DWLRQ RI WKH F\WRVNHOHWRQ >@ 5HFHQWO\ LW ZDV VKRZQ WKDW 33$%
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GHSKRVSKRU\ODWHVDQGDFWLYDWHV35&ZKLFKLVDKLJKO\FRQVHUYHGFRPSRQHQWRI WKHDQDSKDVH
FHQWUDOVSLQGOHDQGLVUHTXLUHGIRUWKHVWDELOL]DWLRQDQGDQWLSDUDOOHORUJDQL]DWLRQRIPLFURWXEXOHV
>@7DNHQWRJHWKHU33$%DSSHDUVWRSOD\DNH\UROHLQUHJXODWLQJF\WRVNHOHWRQVWDELOLW\
DWPXOWLSOHOHYHOVLQGLIIHUHQWFHOOW\SHV,QGHHG33$%ZDVGHPRQVWUDWHGWRDVVRFLDWHZLWK
DQGUHJXODWHPLFURWXEXOHVIXQFWLRQLQDFHOOF\FOHGHSHQGHQWPDQQHU>@ ,QDJUHHPHQWZLWK
WKHVHUHVXOWVUHFHQWO\,IRXQGWKDW33$%DFWLYLW\LVUHTXLUHGIRUPLFURWXEXOHVRUJDQL]DWLRQ
GXULQJ F\WRNLQHVLV LQ Drosophila FHOOV GDWD QRW VKRZQ  1RQHWKHOHVV IXUWKHU VWXGLHV DUH
UHTXLUHG WR VKHG OLJKW RQ WKH SUHFLVH PROHFXODU PHFKDQLVP RI WKH UROH RI 33$% LQ
F\WRVNHOHWRQUHJXODWLRQ
33$%DQGFHQWURVRPHPDWXUDWLRQ
,Q DGGLWLRQ WR LWV UROHV LQ FDQFHU JHQHVLV DQG F\WRVNHOHWRQ VWDELOLW\ 33$% LV DOVR
LQYROYHG LQ FHQWURVRPH PDWXUDWLRQ $ JHQRPHZLGH 51$L VFUHHQ LQ Drosophila 6 FHOOV
UHYHDOHG WKDW 33$7ZVZKLFK LV WKH VROH % W\SH 33$ LQDrosophila LV HVVHQWLDO IRU DQ
HIILFLHQW 3&0 SHULFHQWULRODU PDWHULDO UHFUXLWPHQW >@ /DWHU 33$7ZV ZDV VKRZQ WR
GHSKRVSKRU\ODWHDQGVWDELOL]HWKH3ON3ROROLNHNLQDVHNLQDVHZKLFKLVDNH\UHJXODWRUIRU
FHQWULROHDPSOLILFDWLRQ>@6XFKUHJXODWLRQZDVDOVRIRXQGWREHFRQVHUYHGLQWKHURXQGZRUP
C.elegans>@,QWKHVDPH\HDUZHUHSRUWHGWKDW33$7ZVFROODERUDWHVZLWK3RORNLQDVHWR
HQVXUH FHQWURVRPH ņ QXFOHXV DWWDFKPHQW DQG FHOO F\FOH SURJUHVVLRQ LQ V\QF\WLDO HPEU\RV RI
Drosophila >@$OOWKHVHUHVXOWVLQGLFDWHDFRQYLQFLQJUROHRI33$%LQWKHUHJXODWLRQRI
FHQWURVRPHPDWXUDWLRQ+RZHYHU WKH SUHFLVHPROHFXODUPHFKDQLVP RI WKLV UHJXODWLRQ DQG WKH
VXEVWUDWHVLQYROYHGUHPDLQHOXVLYH
,QDGGLWLRQWRWKHYDULRXVIXQFWLRQVGHVFULEHGDERYHLWZDVDOVRGHPRQVWUDWHGWKDW33$
%7ZVLVLPSOLFDWHGLQWKH:QWVLJQDOLQJWKURXJKUHJXODWLRQRIȕFDWHQLQSKRVSKRU\ODWLRQLQ
Drosophila >@0RUHRYHU 33$7ZV DOVR UHJXODWHV WKH VHOIUHQHZDO RIDrosophila QHXUDO
VWHP FHOOV DQG FLUFDGLDQ FORFN WKURXJK UHJXODWLRQ RI D SHULRGLF SURWHLQ 3(5 > @
)XUWKHUPRUH 33$% PD\ EH LQYROYHG LQ WKH GHYHORSPHQWDO DQG WUDQVODWLRQDO FRQWURO E\
GHSKRVSKRU\ODWLQJSRWHQWLDOVXEVWUDWHVVXFKDVS6.DQG(%3>@7KHUHIRUH33$%
LV DYHULWDEOHPXOWLIXQFWLRQDOSKRVSKDWDVH LQYROYHG LQYDVW FHOOXODUSURFHVVHV ,Q WKH IROORZLQJ
VHFWLRQ,ZLOOIRFXVRQLWVUROHLQPLWRWLFSURJUHVVLRQ
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 33$% DV DPDMRU RSSRQHQW RI F\FOLQ %&GN LQ KLJKHU HXNDU\RWHVPXVW EH
LQKLELWHGDWPLWRWLFRQVHWDQGUHDFWLYDWHGXSRQPLWRWLFH[LW
6LQFH D ORQJ WLPH SHRSOH KDYH WULHG WR ILQG &GN RSSRVLQJ SKRVSKDWDVHV ZKLFKPXVW
DIIHFW WKH SKRVSKRU\ODWLRQ OHYHO RI &GN VXEVWUDWHV ,Q % W\SH 33$ ZDV VKRZQ WR
GHSKRVSKRU\ODWHDV\QWKHWLFSHSWLGHSUHSKRVSKRU\ODWHGE\&GN in vitro >@7KHQH[W\HDU
33$ZDVLGHQWLILHGDVWKHPDMRUSKRVSKDWDVHWDUJHWLQJVHYHUDO&GNVXEVWUDWHVLQYHUWHEUDWHFHOO
H[WUDFWV >@ 0HDQZKLOH LQ Drosophila LW ZDV GHPRQVWUDWHG WKDW D % ORVVRIIXQFWLRQ
PXWDQWOHGWRDQDEQRUPDODQDSKDVHZLWKSHUWXUEHGFKURPRVRPHVHJUHJDWLRQ>@-XVWRQH\HDU
ODWHU LWZDV GLVFRYHUHG WKDW VXFKPLWRWLF GHIHFWV LQGXFHG E\% ORVVRIIXQFWLRQPXWDQWZDV
OLNHO\GXH WR WKHGUDPDWLF UHGXFWLRQ LQ33$DELOLW\ WRGHSKRVSKRU\ODWH&GN VXEVWUDWHVXSRQ
PLWRWLFH[LW>@7KLVLVWKHILUVWVWXG\VXJJHVWLQJWKDW33$%LVDPDLQ&GNFRXQWHUDFWLQJ
SKRVSKDWDVHin vivo
,Q  LWZDV GHPRQVWUDWHG WKDW  LPPXQRGHSOHWLRQ RI WKH VXEXQLW %į UHGXFHG
DERXWSKRVSKDWDVHDFWLYLW\WDUJHWLQJ&GNSKRVSKRU\ODWHGSHSWLGHZKHUHDVWKHGHSOHWLRQRI
RWKHUSKRSKDWDVHVRURWKHU%VXEXQLWVRI33$GLGQRW>@ 6RRQDIWHUZDUGVVHYHUDODUWLFOHV
VKRZHG LQ YDULRXV ZD\V WKDW % DVVRFLDWHG 33$ LV WKH PDMRU SKRVSKDWDVH DJDLQVW &GN
DFWLYLW\RQPLWRWLFVXEVWUDWHVLQDrosophila7ZVLQKXPDQFHOOV%ĮįDQGLQXenopusHJJ
H[WUDFWV%į>@7KXVLWPDNHVVHQVHWKDW33$%VKRXOGEHLQKLELWHGWR
SURWHFW&GNSKRVSKRU\ODWHGVXEVWUDWHVXSRQPLWRWLFHQWU\DQGWKHQUHDFWLYDWHGWRUHYHUVHWKRVH
SKRVSKRU\ODWLRQVDWPLWRWLFH[LW,QGHHGLQ0RFKLGDDQG+XQWIRXQGWKDWDSKRVSKDWDVHµ;¶
ODWHULGHQWLILHGDV33$%įDFWLYLW\ZKLFKWDUJHWHGPLWRWLFSKRVSKRSURWHLQVGLVDSSHDUHGDW
PLWRWLFHQWU\DQGUHDSSHDUHGDWPLWRWLFH[LW LQXenopusHJJH[WUDFWV>@ 6XFKF\FOLFDO
UHJXODWLRQRI33$% DFWLYLW\ GXULQJ FHOO GLYLVLRQ LV H[WHQVLYHO\ VXSSRUWHGE\H[SHULPHQWDO
UHVXOWV
7KH ILUVW UHVXOWV UHYHDOLQJ WKH LPSRUWDQFH RI 33$% LQKLELWLRQ XSRQ PLWRWLF HQWU\
FDPH IURP ELRFKHPLFDO VWXGLHV SHUIRUPHG LQXenopus HJJ H[WUDFWV  )LUVW ZKHQ UHFRPELQDQW
33$ %į ZDV DGGHG WRXenopus HJJ LQWHUSKDVH H[WUDFWV WR LQFUHDVH  WKH HQGRJHQRXV
33$%į FRQFHQWUDWLRQ HQWU\ LQWR PLWRVLV ZDV GHOD\HG DQG ZKHQ WKLV FRQFHQWUDWLRQ ZDV
GRXEOHG PLWRWLF HQWU\ ZDV SUHYHQWHG FRPSOHWHO\ >@ 6HFRQG WKH GHSOHWLRQ RI %į LQ
LQWHUSKDVHH[WUDFWVLQGXFHGSUHPDWXUHPLWRWLFHQWU\ZLWKDORZHUDPRXQWRIF\FOLQ%>@7KLUG
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LQ WKH LQWHUSKDVH H[WUDFWV WKH GHSOHWLRQ RI D 33$%PLWRWLF LQKLELWRU ņ*UHDWZDOO NLQDVH
EORFNHG PLWRWLF HQWU\ EXW LW ZDV UHVFXHG E\ %į UHPRYDO >@ /DWHU LW ZDV FOHDUO\
GHPRQVWUDWHG WKDWGHSOHWLRQRI(QVDRU LWV FORVH UHODWLYHņ$USSZKLFK DUH WKH VROHNQRZQ
VXEVWUDWHVRI*ZOLQDQLPDOVDQGWKHVSHFLILFLQKLELWRUVRI33$%GLGSUHYHQWPLWRWLFHQWU\
HYHQ LQ WKH SUHVHQFH RI *ZO > @ &RQYHUVHO\ WKH DGGLWLRQ RI *ZOWKLRSKRVSKRU\ODWHG
(QVDRU$USSLQWRLQWHUSKDVHH[WUDFWVSURPRWHGPLWRWLFHQWU\HYHQLQWKHDEVHQFHRI*ZO>
@7RGDWHWKH(QVD(QGRVRU$USSPHGLDWHGLQKLELWLRQRI33$%XSRQPLWRWLFHQWU\
KDVEHHQGHPRQVWUDWHGWREHFRQVHUYHGLQXenopusDrosophilaVWDUILVKDQGKXPDQ >
@
,QDGGLWLRQWRWKHLPSRUWDQFHRILWVLQKLELWLRQDWPLWRWLFHQWU\WKHQHFHVVLW\RI33$%
UHDFWLYDWLRQ DWPLWRWLF H[LW LV DOVR GHPRQVWUDWHG E\ GLIIHUHQW JURXSV ,WZDV VKRZHG WKDW*ZO
WKLRSKRVSKRU\ODWHG (QVD RU $USS EORFNHG PLWRWLF H[LW LQ Xenopus &6) H[WUDFW >@
0RUHRYHU ZH IRXQG WKDW LQ Drosophila V\QF\WLDO HPEU\RV RYHUH[SUHVVLQJ *ZO DQG
VLPXOWDQHRXVO\ UHGXFLQJ tws % SUHYHQWHG PLWRWLF H[LW >@ )XUWKHUPRUH KXPDQ FHOOV
DUUHVWHG LQPHWDSKDVH E\ SURWHDVRPH LQKLELWLRQ FDQ EH IRUFHG WR H[LW IURPPLWRVLV E\ DGGLQJ
&GN LQKLELWRU EXW VLPXOWDQHRXV % GHSOHWLRQ E\ 51$L GHOD\HG &GN VXEVWUDWHV
GHSKRVSKRU\ODWLRQ DQG FRQVHTXHQWO\ D VLJQLILFDQW GHOD\ RI QXFOHDU UHDVVHPEO\ ZDV REVHUYHG
>@+RZHYHUWKHPROHFXODUPHFKDQLVPRI33$%UHDFWLYDWLRQGXULQJPLWRWLFH[LWLVVWLOO
FRQWURYHUVLDO 5HFHQWO\ 0LFKDHO *ROGEHUJ¶V JURXS VKRZHG WKDW 33$% GHSKRVSKRU\ODWHV
(QGRV DIWHU *ZO LQDFWLYDWLRQ XSRQ PLWRWLF H[LW >@ ZKHUHDV +HOIUHG +RFKHJJHU¶V JURXS
SURSRVHG WKDW WKH 51$ SRO\PHUDVH ,, &WHUPLQDO WDLO GRPDLQ SKRVSKDWDVH )FS
GHSKRVSKRU\ODWHV(QGRVWRUHOHDVH33$%ZKLFKVXEVHTXHQWO\GHSKRVSKRU\ODWHV*ZOGXULQJ
0SKDVHH[LW>@7KHUHIRUHIXUWKHUVWXGLHVDUHUHTXLUHGWRFODULI\WKHFRQWULEXWLRQVRIVSHFLILF
SKRVSKDWLVHWR*ZODQG(QGRVLQDFWLYDWLRQ
,QEXGGLQJ\HDVW WKHPDLQ&GNFRXQWHUDFWLQJSKRVSKDWDVH LV&GF LQVWHDGRI33$
%>@&GFLVDOVRUHJXODWHGLQDFHOOF\FOHGHSHQGHQWPDQQHUWKURXJKSHULRGLFDVVRFLDWLRQ
ZLWK LWVFRPSHWLWLYH LQKLELWRU&IL DOVRNQRZQDV1HW >@)URP LQWHUSKDVH WRPHWDSKDVH
&IL1HWELQGVWRDQGLQKLELWV&GFDFWLYLW\E\VHTXHVWHULQJLWLQWKHQXFOHROXV>@'XULQJ
DQDSKDVHWKH)($5&GFIRXUWHHQHDUO\DQDSKDVHUHOHDVHSDWKZD\DQGWKH0(1PLWRWLFH[LW
QHWZRUN SDWKZD\ VHTXHQWLDOO\ UHOHDVH &GF IURP LWV LQKLELWRU DQG UHORFDOL]H &GF WR WKH
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QXFOHXVDQGF\WRSODVPDOORZLQJWKHGHSKRVSKRU\ODWLRQRI&GNSKRVSKRU\ODWHGVXEVWUDWHV>@
6R ZKDW GRHV 33$% % LV NQRZQ DV &GF LQ \HDVW GR LQ EXGGLQJ \HDVW" ,W ZDV
GHPRQVWUDWHG WKDW 33$&GF QHJDWLYHO\ UHJXODWHV WKH )($5 DQG 0(1 SDWKZD\V WKHUHE\
IXQFWLRQLQJDVDQLQKLELWRURIPLWRWLFH[LW>@+RZHYHUDUHFHQWSDSHUGHOLQHDWHGWKDWLQHDUO\
DQDSKDVH33$&GFDFWLYLW\ZDVLQGHHGGRZQUHJXODWHGWRSURPRWHWKH)($5ZKHUHDVLQODWH
DQDSKDVH LWVDFWLYLW\ZDVUHTXLUHGIRU WKHIXOODFWLYDWLRQRI WKH0(1WRFRQWULEXWH WRFRPSOHWH
PLWRWLFH[LW>@0RUHRYHULQFRQWUDVWWRLWVUROHLQDQLPDOV33$&GFDFWLYLW\ZDVUHTXLUHG
IRU PLWRWLF HQWU\ LQ EXGGLQJ \HDVW >@ 5HFHQWO\ LW ZDV GHPRQVWUDWHG WKDW =GV DQG =GV
SURPRWH WKH F\WRSODVPLF ORFDOL]DWLRQ RI 33$% ZKHUH 33$% WDUJHWV 6ZH NLQDVH
:HHKRPRORJXH DQG0LKSKRVSKDWDVH &GFKRPRORJXH WR SURPRWHPLWRWLF HQWU\ >
@)XUWKHUPRUH(QGRVIDPLO\SURWHLQV,JR,JRDOVRH[LVWLQEXGGLQJ\HDVWDQGFDQGLUHFWO\
LQKLELW33$% in vitro >@ ,QDGGLWLRQ WR WKHLUGLUHFW LQKLELWLRQ5LP\HDVW*ZO
SKRVSKRU\ODWHG,JR,JRSURWHLQVDOVRFRQWULEXWHWR33$%QXFOHDUH[SRUWWKXVSURPRWLQJ
PLWRWLF HQWU\ >@ +RZHYHU D YHU\ UHFHQW DUWLFOH LQGLFDWHG WKDW FRPSDUHG WR =GV SURWHLQV
,JR,JRKDYHRQO\DPLQRUHIIHFWDWPLWRWLFHQWU\>@)XUWKHULQYHVWLJDWLRQVDUHUHTXLUHGIRU
FODULI\LQJWKHSUHFLVHUROHRI=GVSURWHLQVDQG(QGRVIDPLO\SURWHLQVLQ33$%UHJXODWLRQLQ
EXGGLQJ\HDVW
7KH*UHDWZDOO NLQDVHD GHIHQVH V\VWHP LV VHW XS E\&GN XSRQPLWRWLF HQWU\ DQG
GLVDEOHGGXULQJ0SKDVHH[LW
7KHUROHRI*UHDWZDOOLQPLWRWLFSURJUHVVLRQ
'XULQJ WKH ODVWGHFDGH*UHDWZDOO *ZONLQDVHKDVEHHQSURYHQWREHDFUXFLDOPLWRWLF
NLQDVH LQ PDQ\ RUJDQLVPV (YHQ WKH SURFHVV RI LGHQWLILFDWLRQ RI 33$% DV WKH PDMRU
FRXQWHUDFWLQJ SKRVSKDWDVH RI&GN LQ IDFWZDV LQLWLDWHG IURP WKH IXQFWLRQDO DQDO\VLV RI*ZO
NLQDVH ,Q  greatwall ZDV RULJLQDOO\ GLVFRYHUHG LQ Drosophila DV scant 6FRWW RI WKH
$QWDUFWLFZKLFKZKHQKRPR]\JRXV OHGWRPLWRWLFGHIHFWVLQV\QF\WLDOHPEU\RVDQGWRIHPDOH
VWHULOLW\ >@ Scant ZDV ODWHU PDSSHG WR WKH greatwall JHQH DQG IRXQG WR HQFRGH DPXWDQW
K\SHUDFWLYHIRUPRIWKHNLQDVH.0LQDrosophila >@,QWHUHVWLQJO\LQXenopusHJJVWKH
6FDQW .0 IRUPRI*ZOSURPRWHV0SKDVH HQWU\ UHJDUGOHVVRI LWVPXFK ORZHU H[SUHVVLRQ
WKDQWKDWRIZLOGW\SH*ZO>@7KHILUVWUHFHVVLYHDOOHOHRIgwl ZDVLGHQWLILHGE\WKH*ROGEHUJ
JURXS ZKR JDYH WKH JHQH WKH QDPH ³greatwall´ gwl DV LW DSSHDUHG WR EH LPSRUWDQW IRU
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SURWHFWLQJ WKH VWUXFWXUH RIPLWRWLF FKURPRVRPHV7KH\ GHPRQVWUDWHG WKDW LQ ODUYDO QHXUREODVWV
IURPgwlORVVRIIXQFWLRQPXWDQWVWKHPLWRWLFSURJUHVVLRQZDVGUDPDWLFDOO\VORZHGGRZQIURP
ODWH * SKDVH WKURXJK QXFOHDU HQYHORSH EUHDNGRZQ 1(%' XQWLO DQDSKDVH RQVHW DQG ZDV
DFFRPSDQLHGE\FKURPRVRPHFRQGHQVDWLRQDQGVHJUHJDWLRQGHIHFWV>@7KH\VXJJHVWHG WKDW
*ZO LV UHTXLUHG IRUHVWDEOLVKLQJKLJKF\FOLQ%&GNDFWLYLW\DWPLWRWLFHQWU\+RZHYHU ODWHU LQ
WKH VDPH \HDU LQDrosophila 6 FHOOV LW ZDV VKRZQ WKDW GHSOHWLRQ RI*ZO E\51$L GLG QRW
LQGXFH FKURPRVRPH FRQGHQVDWLRQ GHIHFW EXW UDWKHU FKURPRVRPH FRQJUHVVLRQ DQG VHJUHJDWLRQ
GHIHFWV>@7KHUHIRUHWKHVHUHVXOWVVXJJHVWWKDWLQGLIIHUHQWFHOOW\SHV*ZOPLJKWEHQHHGHGDW
GLIIHUHQW WLPH SRLQWV WR HQVXUH WKH SURJUHVVLRQ RI GLIIHUHQW PLWRWLF SURFHVVHV /DWHU LW ZDV
GHPRQVWUDWHGWKDWLQXenopusHJJH[WUDFWV*ZOGHSOHWLRQSUHYHQWVF\FOLQ%&GNDFWLYDWLRQDQG
PLWRWLFHQWU\ZKHUHDVDFWLYDWHG*ZOSURPRWHVERWKPLWRWLFHQWU\DQGRRF\WHPHLRWLF0SKDVH
HQWU\ > @ *ZO GHSOHWLRQ IURP PLWRWLF H[WUDFWV LQGXFHG D UDSLG ORVV RI F\FOLQ%&GN
DFWLYLW\ GXH WR WKH DFFXPXODWLRQ RI LQKLELWRU\ SKRVSKRU\ODWLRQ S7\U RQ &GN >@
5HPDUNDEO\WKHLQKLELWRURISKRVSKDWDVHRNDGDLFDFLG2$DVDFWLYDWHG*ZOSURPRWHVPLWRWLF
HQWU\DQGLVDEOHWRUHPRYHWKHPLWRWLFHQWU\EORFNDJHLQ*ZOGHSOHWHG&6)H[WUDFWV>@7KXV
*ZOPLJKWQHJDWLYHO\UHJXODWHDQ2$ņVHQVLWLYHSKRVSKDWDVHWRHQVXUHVXIILFLHQWO\KLJK03)
DFWLYLW\ LQPLWRVLVDQGPDLQWDLQ WKHSKRVSKRU\ODWLRQVVWDWHRIPLWRWLFSURWHLQV LQFOXGLQJ&GF
DQG:HH0\W>@6RRQDIWHUZDUGVDVGHVFULEHGLQWKHSUHYLRXVVHFWLRQWKLV2$
ņ VHQVLWLYH SKRVSKDWDVH ZDV LGHQWLILHG DV % W\SH 33$ ZKLFK LV WKH PDMRU SKRVSKDWDVH
DJDLQVW&GNSKRVSKRU\ODWHGVXEVWUDWHVLQXenopus>@6WULNLQJO\FRQFXUUHQWGHSOHWLRQ
RI0\W:HH DQG *ZO VWLOO FDQ¶W SUHYHQW PLWRWLF H[LW RI PHWDSKDVH DUUHVWHGXenopus &6)
H[WUDFW GHVSLWH WKHSUHVHQFHRI KLJK F\FOLQ%&GN DFWLYLW\ VXJJHVWLQJ WKDW WKH IXOO\ DFWLYDWHG
&GN DORQH LV QRW VXIILFLHQW WR GHIHDW LWV FRXQWHUDFWLQJ SKRVSKDWDVH 33$% WR PDLQWDLQ
PLWRWLFVWDWH>@7KHUHIRUH*ZOIXQFWLRQVDVDFRXQWHUSRLVHWRHQVXUHWKHGHFOLQDWLRQRI WKH
EDODQFH WRZDUGV F\FOLQ%&GN E\ LQKLELWLQJ 33$% WKXV SURPRWLQJ PLWRWLF HQWU\ DQG
PDLQWHQDQFH>@
*ZO¶VVXEVWUDWHVDQGQRQPLWRWLFIXQFWLRQV
$OWKRXJK*ZOZDVGHPRQVWUDWHG WR DVVRFLDWHZLWK33$'LQKXPDQFHOOV D VXEVWDQWLDO
SKRVSKRU\ODWLRQRI33$%FRPSRQHQWVE\*ZOKDVQRWEHHQGHWHFWHG >@7KH WZR
VPDOO KRPRORJRXV SURWHLQV ņ Į(QGRVXOILQH (QVD(QGRV DQG WKH F\FOLF DGHQRVLQH
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PRQRSKRVSKDWH UHJXODWHGSKRVSKRSURWHLQ$USSSURYLGHG WKHPLVVHG OLQNEHWZHHQ*ZO
DQG 33$% >  @ *ZO SKRVSKRU\ODWHG (QVD DQG $USS VWURQJO\ ELQG WR DQG
LQKLELW33$%EXWQRWDQ\RWKHU%W\SH33$RU33>@)URPWKHVHILQGLQJVLWDSSHDUV
WKDW *ZO ņ (QGRV$USSPHGLDWHG 33$% LQKLELWLRQ SURPRWHV03) 0LWRWLF 3URPRWLQJ
)DFWRUDFWLYDWLRQDW*0WUDQVLWLRQE\LQFUHDVLQJWKHDFWLYDWRU\SKRVSKRU\ODWLRQRQ&GFDQG
WKH LQKLELWRU\SKRVSKRU\ODWLRQRQ:HH0\W DQG IXUWKHU HQVXUHV WKHPLWRWLFPDLQWHQDQFHE\
SUHYHQWLQJ WKH GHSKRVSKRU\ODWLRQ RI03) VXEVWUDWHV 6R IDU LQ DQLPDOV QR VXEVWUDWHV RI*ZO
RWKHUWKDQ(QGRV$USSZHUHUHSRUWHG+RZHYHUWKHUHPLJKWEHRWKHU*ZOVXEVWUDWHVEHFDXVH
*ZOZDVGHPRQVWUDWHGWRSURPRWHWKHUHFRYHU\RI*0'1$GDPDJHFKHFNSRLQWLQXenopus
HJJH[WUDFWDQG UHJXODWH WUDQVFULSWLRQ LQ\HDVW >@'HSOHWLRQRI*ZO IURPXenopus HJJ
H[WUDFW LQFUHDVHG WKH '1$ GDPDJH UHVSRQVH ''5 DQG LPSDLUHG UHFRYHU\ IURP FKHFNSRLQW
DUUHVW DQG HQWU\ LQWR PLWRVLV ZKHUHDV DGGLWLRQ RI ZLOGW\SH *ZO LQKLELWV WKH ''5 >@
0RUHRYHU WKURXJKWKHFRQWURORI$XURUD$NLQDVHDFWLYDWLRQ*ZODOVR LQGLUHFWO\UHJXODWHV WKH
DFWLYLW\RI3O[3ROROLNHNLQDVHLQXenopusZKLFK LVDNH\UHJXODWRURIFHOO UHFRYHU\IURP
WKH*0'1$GDPDJHFKHFNSRLQW>@$OWKRXJKWKHVHVWXGLHVFDQEHSDUWLDOO\H[SODLQHGE\
DQLQGLUHFWHIIHFWRI33$LQKLELWLRQPHGLDWHGE\*ZOXQLGHQWLILHG*ZOVXEVWUDWHVZHUHVWURQJO\
VXJJHVWHG ,Q FRQWUDVW WR*ZO LQ DQLPDOV \HDVW*ZOņ5LP SOD\V LPSRUWDQW UROH LQ VHYHUDO
ELRORJLFDOSURFHVVHVRWKHU WKDQPLWRWLFSURJUHVVLRQDQG LWV VXEVWUDWHVRWKHU WKDQ(QGRV$USS
ZHUHUHFHQWO\LGHQWLILHG8SRQQXWULHQWVWDUYDWLRQ5LPGLUHFWO\SKRVSKRU\ODWHVDQGDFWLYDWHV
WKH KHDW VKRFN WUDQVFULSWLRQ IDFWRU +VI DQG ]LQF ILQJHU WUDQVFULSWLRQ IDFWRU061 WR HQVXUH
SURSHUFHOOXODUDGDSWDWLRQRUVXUYLYDO>@6RIDULQKLJKHUHXNDU\RWHV*ZOIXQFWLRQVKDYHQRW
EHHQ H[DPLQHGXQGHU QXWULHQWV GHSULYDWLRQ WKXV IXUWKHU VWXGLHV XQGHU VWUHVVHG FRQGLWLRQVPD\
DOORZXQFRYHUQHZ*ZOVXEVWUDWHVDQGQHZUHJXODWRU\PHFKDQLVPRI*ZO
7KHUHJXODWLRQRI*ZO
,QFRQWUDVWWRLWVZHOOVWXGLHGIXQFWLRQVWKHPHFKDQLVPVUHJXODWLQJ*ZOLWVHOIDUHVWLOOOHVV
XQGHUVWRRG*ZOLVDPHPEHURIWKH$&*NLQDVHIDPLO\EXWLVGLVWLQJXLVKHGIURPWKHRWKHUVE\
FRQWDLQLQJDORQJSRRUO\FRQVHUYHGLQVHUWZKLFKVSOLWVLWVNLQDVHGRPDLQLQWR1WHUPLQDODQG&
WHUPLQDO VXEGRPDLQV >@7KLV ORQJ LQVHUW DSSHDUVQRW WREH HVVHQWLDO IRU LWV NLQDVH DFWLYLW\
>@7RGDWH WZR*ZODFWLYDWLRQPRGHOVKDYHEHHQSURSRVHG7KLHUU\/RUFDDQG$QQH
&DVWUR¶V JURXS VXJJHVWV WKDW *ZO LV ILUVW SKRVSKRU\ODWHG RQ LWV &WHUPLQDO WDLOOLQNHU UHVLGXH
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6WRSURPRWHWKHDVVRFLDWLRQRIWKLVUHVLGXHZLWKDQ1WHUPLQDOWDLOOLQNHUELQGLQJVLWHWKXV
VWDELOL]LQJ*ZOLQDSDUWLDOO\DFWLYDWHGVWDWH7KHQWKH*ZO1WHUPLQDOK\GURSKRELFSRFNHWELQGV
WR WKHSKRVSKRU\ODWHGK\GURSKRELFPRWLIRIDQRWKHU$*&NLQDVH WR LQGXFHD IXOO DFWLYDWLRQRI
*ZO >@ )LJXUH  +RZHYHU WKH *ROGEHUJ JURXS SURSRVHG WKDW *ZO LV LQLWLDOO\
SKRVSKRU\ODWHGE\03)DWWZRVLWHVLQWKHSUHVXPSWLYHDFWLYDWLRQORRS6XEVHTXHQWO\*ZOFDQ
DXWRSKRVSKRU\ODWHLWV&WHUPLQDOWDLOOLQNHUUHVLGXH6ZKLFKELQGVWRVRPHEDVLFUHVLGXHV
LQLWV1WHUPLQDOGRPDLQWRVWDELOL]HDFWLYH*ZO>@)LJXUH
)LJXUH 
0HFKDQLVPV RI
DFWLYDWLRQ RI WKH
*ZO NLQDVH
$FWLYDWLRQ RI *ZO
LQYROYHV WZR
GLIIHUHQW VWHSV ,Q
WKHILUVWVWHS*ZOLV
SKRVSKRU\ODWHG DW
LWV &WHUPLQXV LQ
WKH 7DLO/LQNHU VLWH
 7KLV
SKRVSKRU\ODWLRQ
UHVXOWV LQ WKH
ELQGLQJ RI WKH
7DLO/LQNHU VLWH
ZLWKWKH7DLO/LQNHU
ELQGLQJVLWHDWWKH1WHUPLQXVRI*ZOSURPRWLQJWKHSDUWLDODFWLYDWLRQRIWKLVNLQDVH+RZHYHU
FRPSOHWH *ZO DFWLYDWLRQ UHTXLUHV WKH DVVRFLDWLRQ RI D SKRVSKRU\ODWHG K\GURSKRELF PRWLI RI
DQRWKHUXQNQRZQ$*&NLQDVHZLWKWKHK\GURSKRELFSRFNHWRI*ZO7KLVILJXUHZDVDGDSWHG
IURP 7KLHUU\ /RUFD DQG $QQH &DVWUR   >@ ZLWK SHUPLVVLRQ IURP SXEOLVKHU 1DWXUH
3XEOLVKLQJ*URXS

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)LJXUH  $
PRGHO IRU *ZO
DFWLYDWLRQ *ZO LV
GHSLFWHG ZLWK IRXU
GRPDLQV WKH 1
WHUPLQDO OREH 1
OREH WKH &
WHUPLQDO OREH &
OREH WKH
QRQFRQVHUYHG
PLGGOH UHJLRQ
1&05 DQG WKH
&WHUPLQDO WDLO
WKLFN EODFN OLQH 'XULQJ 0 SKDVH HQWU\ 03) SKRVSKRU\ODWHV *ZO DW WKH SUHVXPSWLYH
DFWLYDWLRQORRSVLWHV7DQG703)DQGSHUKDSVRWKHUNLQDVHVPD\DOVRWDUJHWVHYHUDO
SKRVSKRVLWHVZLWKLQWKH1&05WKDWFRXOGKDYHUHGXQGDQWIXQFWLRQV1&05SKRVSKRU\ODWLRQV
FRXOG FRQFHLYDEO\ FKDQJH LWV FRQIRUPDWLRQ WR DOORZ VXEVWUDWHV DFFHVV WR *ZO
V DFWLYH VLWH
EHWZHHQWKH1DQG&WHUPLQDOOREHV$IWHU*ZOLVSULPHGE\03)6LQWKH&WHUPLQDOWDLO
FDQEHDXWRSKRVSKRU\ODWHGDW WKHDFWLYH VLWH ,W LV OLNHO\ WKDWS6FDQ VXEVHTXHQWO\ LQWHUDFW
ZLWKDSDWFKRIEDVLFUHVLGXHVLQWKH1OREHGDUNWULDQJOHWRKHOSVWDELOL]HDFWLYH*ZO7KH
URXQGKROHLQWKH1OREHGHSLFWVWKHFRQVHUYHG+)ELQGLQJSRFNHWZKRVHUROHLVQRW\HWFOHDU
7KLVILJXUHZDVDGDSWHGIURP%ODNH+RGHNet al.>@ZLWKSHUPLVVLRQIURPSXEOLVKHU
$PHULFDQ6RFLHW\IRU0LFURELRORJ\
5HJDUGOHVVRIWKHFRQWURYHUV\RIWKHWZR*ZODFWLYDWLRQPRGHOVWKHUHLVVWURQJHYLGHQFH
LQGLFDWLQJ WKDW 03) LV D FULWLFDO DFWLYDWRU RI *ZO )LUVW *ZO LV DFWLYDWHG DQG KLJKO\
SKRVSKRU\ODWHGLQ0SKDVH>@6HFRQG03)SKRVSKRU\ODWHVDQGDFWLYDWHV*ZOLQYLWUR
>@7KLUG*ZOLVDFWLYDWHGGRZQVWUHDPRI&GNLQVWDUILVKRRF\WHV>@)LQDOO\
*ZODFWLYDWLRQLVDEROLVKHGE\DGGLQJ&GNLQKLELWRU5RVFRYLWLQHDQGS&LSLQ&6)H[WUDFWDQG
IURJRRF\WH>@,QFLGHQWDOO\ LI*ZOLVDVXEVWUDWHRI&GNDQG33$%GHSKRVSKRU\ODWHV
&GNVXEVWUDWHV*ZOFRXOGEHRQHRI33$%WDUJHWV,QGHHGLQXenopusHJJH[WUDFWVERWK
33$'DQG%DUHDEOHWRDVVRFLDWHZLWK*ZOLQWKHVDPHFRPSOH[>@0RUHRYHUWKH
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33$ FDWDO\WLF VXEXQLW GHSKRVSKRU\ODWHV DQG LQDFWLYDWHV*ZO in vitro >@ )XUWKHUPRUH WKH
GHSOHWLRQRI$USSIURP&6)H[WUDFWV OHDGV WRD UDSLGGHSKRVSKRU\ODWLRQRI*ZODQGPLWRWLF
H[LWGXHWRWKHUHDFWLYDWLRQRI33$>@$UHFHQWDUWLFOHGHPRQVWUDWHGWKDWGXULQJPLWRWLFH[LW
33$% GHSKRVSKRU\ODWHV *ZO DW D SUHYLRXVO\ UHSRUWHG &GN VLWH DQG HVVHQWLDO IRU *ZO
DFWLYDWLRQXSRQPLWRWLFHQWU\>@,QWKLVFDVHWKHQKRZLV*ZOLWVHOIDFWLYDWHGE\&GNDW
PLWRWLFHQWU\LQSUHVHQFHRIKLJKDFWLYLW\RI33$%DQGWRVXEVHTXHQWO\SURWHFWRWKHU&GN
VXEVWUDWHVDJDLQVW33$%DFWLYLW\"
2QH SRVVLEOH DQVZHU WR WKLV TXHVWLRQ LV WKDW 33$% DQG *ZO DUH SK\VLFDOO\
VHTXHVWHUHGZKHQ&GNDFWLYDWHV*ZO7KXV,FDUHIXOO\VWXGLHGWKHVSDWLRWHPSRUDOG\QDPLFVRI
WKHVH PLWRWLF SURJUHVVLRQ UHJXODWRUV GXULQJ P\ 3K' WUDLQLQJ :H VKRZHG WKDW ERWK LQ
DrosophilaFXOWXUHGFHOOVDQGV\QF\WLDOHPEU\RV*ZOLVVSDWLDOO\UHJXODWHGGXULQJWKHFHOOF\FOH
>@*ZOLVSURPLQHQWO\QXFOHDULQLQWHUSKDVHZKHUHDVLWDSSHDUVWREHH[FOXGHGIURPQXFOHXV
DQGWXUQVWREHSULQFLSDOO\F\WRSODVPLFMXVWEHIRUHQXFOHDUHQYHORSHEUHDNGRZQ1(%'>@
6LPLODU G\QDPLF ORFDOL]DWLRQRI*ZOZDV DOVRREVHUYHG LQKXPDQFHOOV >@ ,QWHUHVWLQJO\ DW
PLWRWLFHQWU\F\FOLQ%LVLPSRUWHGLQWRWKHQXFOHXVEHIRUH*ZOLVGHORFDOL]HGLQWRWKHF\WRSODVP
ZKLOH%DSSHDUVWREHSUHGRPLQDQWO\F\WRSODVPLFERWKLQDrosophilaDQGLQKXPDQFHOOV>
   @ ,QGHHG LW ZDV UHFHQWO\ GHPRQVWUDWHG XVLQJ D *ZO DFWLYH VLWH SKRVSKR
VSHFLILF DQWLERG\ WKDW DFWLYH *ZO ZDV ILUVW GHWHFWHG LQ WKH QXFOHXV RI KXPDQ FHOOV >@
0RUHRYHU,GLGILQGWKDWD*ZOPXWDQWZKLFKORFDOL]HVFRQVWDQWO\LQWKHF\WRSODVPDSSHDUVWR
EHOHVVSKRVSKRU\ODWHGWKDQZLOGW\SH*ZOLQDrosophilaRYDULHV>@7KHUHIRUHLQDFFRUGDQFH
ZLWKRXUK\SRWKHVLVWKHQXFOHDUHQYHORSHPD\VHUYHDVDEDUULHUWRVHSDUDWH*ZOIURP33$%
WKXV IDFLOLWDWLQJ *ZO DFWLYDWLRQ E\ &\FOLQ%&GN +RZHYHU WKH HDUOLHVW &GN F\WRSODVPLF
VXEVWUDWHVZKLFKDUHUHTXLUHGIRUF\WRVNHOHWRQUHRUJDQL]DWLRQDQGFHOOURXQGLQJ>@DUHWRWDOO\
H[SRVHGWR WKHIXOODFWLYH33$%7KLVPLJKWEH WKHUHDVRQZK\*ZO LVSURPSWO\VHQW LQWR
F\WRSODVPEHIRUH1(%'WKXVSURWHFWLQJ&GNVXEVWUDWHVE\LQKLELWLQJ33$%)LJXUH
,PSRUWDQWO\LWZDVLQGHHGGHPRQVWUDWHGWKDWERWK*ZOQXFOHDUORFDOL]DWLRQGXULQJLQWHUSKDVHDQG
LWVQXFOHDUH[SRUWEHIRUH1(%'DSSHDU WREHHVVHQWLDO IRU LWV IXQFWLRQDQGPLWRWLFSURJUHVVLRQ
>@+RZHYHU IXUWKHU LQYHVWLJDWLRQVDUHUHTXLUHG WRVKRZWKH LPSRUWDQFHRIF\WRSODPLF
LQKLELWLRQRI33$%7KHVSDWLRWHPSRUDOUHJXODWLRQRI33$%DQG(QGRVUHODWLYHWRHDFK
RWKHUVKRXOGDOVREHLQYHVWLJDWHG
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)LJXUH6SDWLDOPRGHOIRUWKH*ZO33$D[LVLQWKHFRQWURORIPLWRWLFHQWU\,QLQWHUSKDVH
F\FOLQ%&GNLVODUJHO\LQDFWLYHZKLOH33$%LVDFWLYH%RWKF\FOLQ%&GNDQG33$%
DUHPRVWO\F\WRSODVPLFZKLOH*ZOLVQXFOHDU,QHDUO\SURSKDVHF\FOLQ%&GNEHJLQVWRVKXWWOH
LQWR WKH QXFOHXV DQG EHFRPHV DFWLYH WKURXJK WKH DXWRDPSOLILFDWLRQ ORRS QRW VKRZQ ,Q WKH
QXFOHXV F\FOLQ %&GN DFWLYDWHV *ZO *ZO WKHQ WUDQVORFDWHV WR WKH F\WRSODVP ZKHUH LW LV
SRVLWLRQHG WRDQWDJRQL]H33$%E\SKRVSKRU\ODWLQJHQGRVXOILQHV QRW VKRZQ$VD UHVXOW
WKHF\FOLQ%&GN33$%UDWLRLVKLJKWKURXJKRXWWKHFHOOEHIRUHQXFOHDUHQYHORSEUHDNGRZQ
1(%'7KLV ILJXUHZDV DGDSWHG IURP3HQJ:DQJet al.  >@ZLWKSHUPLVVLRQ IURP
SXEOLVKHU6SULQJHU
,QDGGLWLRQWRWKHIXQFWLRQDOVLJQLILFDQFHRI*ZOORFDOL]DWLRQ,KDYHDOVRLQYHVWLJDWHGWKH
UHJXODWRU\PHFKDQLVPV RI WKLV ORFDOL]DWLRQ ,Q WKH HQLJPDWLF ORQJ LQVHUW UHJLRQ RIDrosophila 
*ZO ZKLFK SUHYLRXVO\ DSSHDUHG WR EH XQHVVHQWLDO IRU *ZO DFWLYLW\ WZR QXFOHDU ORFDOL]DWLRQ
VLJQDOV 1/6ZHUH LGHQWLILHG >@3KRVSKRU\ODWLRQE\3RORDQG&GN LQ WKLV UHJLRQRI*ZO
SURPRWHV LWV F\WRSODVPLF ORFDOL]DWLRQ LQ SURSKDVH >@ 3KRVSKRU\ODWLRQ E\ 3ROR OLNHO\
SURPRWHVWKHDVVRFLDWLRQRI*ZOZLWKİOHDGLQJWRLWVF\WRSODVPLFUHWHQWLRQZKHUHDV&GN
UHJXODWHV*ZO ORFDOL]DWLRQ WKURXJK DQ XQNQRZQPHFKDQLVP >@2Q WKH RWKHU KDQG KXPDQ
*ZO QXFOHDU H[SRUW LQ SURSKDVH KDV EHHQ VKRZQ WR GHSHQG RQ LWV RZQ NLQDVH DFWLYLW\ DQG LWV
DFWLYDWLRQE\F\FOLQ%&GN >@0RUHRYHU WKH H[LVWHQFHRIQXFOHDU H[SRUW VLJQDOV 1(6 LQ
ERWK Drosophila DQGKXPDQ*ZOZHUHVXJJHVWHGEXW\HWWREHIXUWKHUFKDUDFWHUL]HG>@
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GLVWULEXWLRQ KDV EHHQ DOUHDG\ GHPRQVWUDWHG WR EH SKRVSKRU\ODWLRQ GHSHQGHQW >@ 6FK
IXQFWLRQDOO\ DQDORJ WR 6. LQPDPPDOV SKRVSKRU\ODWHV 5LP WR SURYLGH D ELQGLQJ VLWH RI
%PKDQG%PK\HDVWSURWHLQVWKXVSURPRWLQJ5LPF\WRSODVPLFUHWHQWLRQ>@
7KHUHIRUHWKHVSDWLDOUHJXODWLRQRI*ZOE\SKRVSKRU\ODWLRQDQGSURWHLQVDSSHDUVWREHD
FRQVHUYHGPHFKDQLVPDFURVVVSHFLHV
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RI 0SKDVH :H KDYH UHFHQWO\ UHSRUWHG DQ DQWDJRQLVP EHWZHHQ 3ROR DQG *UHDWZDOO *ZO
DQRWKHU PLWRWLF NLQDVH LQDrosophila HPEU\RV +RZHYHU WKH QDWXUH RI WKH SDWKZD\V OLQNLQJ
WKHP UHPDLQHG HOXVLYH :H KDYH FRQGXFWHG D FRPSUHKHQVLYH VFUHHQ IRU DGGLWLRQDO JHQHV
IXQFWLRQLQJ ZLWK polo DQG gwl :H XQFRYHUHG D VWURQJ LQWHUGHSHQGHQFH EHWZHHQ 3ROR DQG
3URWHLQ 3KRVSKDWDVH $ 33$ZLWK LWV %W\SH VXEXQLW 7ZLQV 7ZV 5HGXFLQJ WKHPDWHUQDO
FRQWULEXWLRQRI3RORDQG33$7ZVWRJHWKHULVHPEU\RQLFOHWKDO:HIRXQGWKDW3RORDQG33$
7ZVFROODERUDWH WRHQVXUHFHQWURVRPHDWWDFKPHQW WRQXFOHL:KLOHD UHGXFWLRQ LQ3RORDFWLYLW\
OHDGVWRFHQWURVRPHGHWDFKPHQWVREVHUYDEOHPRVWO\DURXQGSURSKDVHDUHGXFWLRQLQ33$7ZV
DFWLYLW\OHDGVWRFHQWURVRPHGHWDFKPHQWVDWPLWRWLFH[LWDQGDUHGXFWLRQLQERWK3RORDQG33$
7ZV HQKDQFHV WKH IUHTXHQF\ RI GHWDFKPHQWV DW DOO VWDJHV 0RUHRYHU ZH VKRZ WKDW *ZO
DQWDJRQL]HV33$7ZV IXQFWLRQ LQERWKPHLRVLVDQGPLWRVLV2XUVWXG\KLJKOLJKWVKRZSURSHU
FRRUGLQDWLRQ RI PLWRWLF HQWU\ DQG H[LW LV UHTXLUHG GXULQJ HPEU\RQLF FHOO F\FOHV DQG GHILQHV
LPSRUWDQWUROHVIRU3RORDQGWKH*ZO33$7ZVSDWKZD\LQWKLVSURFHVV


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$87+256800$5<
7KHGHYHORSPHQWDQGVXUYLYDORIDOOOLYLQJRUJDQLVPVUHOLHVRQWKHILQHUHJXODWLRQRIFHOO
GLYLVLRQDWWKHPROHFXODUOHYHO7KLVFRRUGLQDWLRQGHSHQGVRQNLQDVHVDQGSKRVSKDWDVHVHQ]\PHV
WKDWFDWDO\]HWKHDGGLWLRQDQGUHPRYDORISKRVSKDWHJURXSVRQVSHFLILFWDUJHWSURWHLQV7KHJHQHV
HQFRGLQJ WKHVH HQ]\PHV KDYH EHHQ ODUJHO\ FRQVHUYHG EHWZHHQ VSHFLHV GXULQJ HYROXWLRQ ,Q D
SUHYLRXV SDSHU SXEOLVKHG LQ PLoS Genetics ZH IRXQG DQ DQWDJRQLVP EHWZHHQ WKH 3ROR DQG
*UHDWZDOO PLWRWLF NLQDVHV LQ WKH IUXLW IO\ PRGHO ,Q WKLV VWXG\ ZH KDYH XVHG IO\ JHQHWLFV WR
LGHQWLI\DGGLWLRQDOJHQHVWKDWIXQFWLRQZLWKpoloDQG greatwallGXULQJHDUO\HPEU\RJHQHVLV:H
KDYHIRXQGDVSHFLILF IRUPRI WKH3URWHLQ3KRVSKDWDVH$33$7ZV WRFROODERUDWHZLWK WKH
3RORNLQDVHDWDVWDJHZKHQPXOWLSOHQXFOHLUDSLGO\GLYLGHLQDODUJHVLQJOHFHOOHDUO\HPEU\R
:HIRXQGWKDW3RORDQG33$7ZVDUHERWKUHTXLUHGIRUWKHSURSHUFRKHVLRQEHWZHHQQXFOHLDQG
WKHFHQWURVRPHVZKLFKDUHHVVHQWLDOVWUXFWXUHVIRUPLWRVLVDQGHPEU\RQLFGHYHORSPHQW:HDOVR
IRXQGWKDWWKH*UHDWZDOONLQDVHDQWDJRQL]HVWKH33$7ZVSKRVSKDWDVHWRSURPRWHPLWRVLVDQG
PHLRVLV2XUJHQHWLFVWXG\VKHGVQHZOLJKWRQFHOOF\FOHUHJXODWLRQDQGLVFRQVLVWHQWZLWKUHFHQW
UHVXOWVIURPELRFKHPLFDOVWXGLHVXVLQJIURJFHOOH[WUDFWV

,1752'8&7,21
7KHFHOOF\FOHLVODUJHO\GULYHQE\QHWZRUNVRINLQDVHVDQGSKRVSKDWDVHVWKDWFRRUGLQDWH
WKHVHTXHQWLDOHYHQWVRIFHOOGLYLVLRQLQDGGLWLRQWRUHJXODWLQJHDFKRWKHU>@.LQDVHVRIWKH3ROR
$XURUD DQG F\FOLQGHSHQGHQW IDPLOLHV SOD\ SDUWLFXODUO\ LPSRUWDQW UROHV LQ WKLV SURFHVV >@
3KRVSKDWDVHV FRPSHWH ZLWK NLQDVHV IRU WKH VDPH VXEVWUDWHV DQG WKH EDODQFH EHWZHHQ WKHLU
DFWLYLWLHVLVVXEMHFWHGWRDILQHUHJXODWLRQWKURXJKWKHFHOOF\FOH>@:KLOHLQEXGGLQJ\HDVWWKH
&GF SKRVSKDWDVH SOD\V D FUXFLDO UROH LQ SURPRWLQJPLWRWLF H[LW E\ GHSKRVSKRU\ODWLQJ&GN
VXEVWUDWHV DQG SURPRWLQJ LWV LQDFWLYDWLRQ >@ LW LV EHFRPLQJ LQFUHDVLQJO\ FOHDU WKDW D IRUP RI
3URWHLQ3KRVSKDWDVH $ 33$ ERXQG WR D%VXEW\SH DGDSWRU VXEXQLW IXOILOOV WKLV IXQFWLRQ LQ
YHUWHEUDWHV >@ <HW D FOHDU SLFWXUH RI WKH G\QDPLF LQWHUSOD\ EHWZHHQ VSHFLILF NLQDVHV DQG
SKRVSKDWDVHVGXULQJWKHFHOOF\FOHLVVWLOOPLVVLQJ
7KHGHYHORSPHQWDOSURJUDPRIDFRPSOH[RUJDQLVPUHTXLUHVWKDWWKHFHOOF\FOHPDFKLQHU\
DGDSWWRWKHVLWXDWLRQDQGFRQWULEXWHWRWKHLQWHJUDWLRQRIFHOOGLYLVLRQVLQYDULRXVWLVVXHFRQWH[WV
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
DQGFHOOW\SHV(DUO\HPEU\RJHQHVLVW\SLFDOO\LQYROYHVUDSLGFHOOF\FOHVZKHUH6SKDVHVDQG0
SKDVHVDOWHUQDWHUDSLGO\ZLWKOLWWOHRUQRJDSSKDVHVJURZWKRUWUDQVFULSWLRQ,QDrosophilaWKH
ILUVW  PLWRWLF F\FOHV RFFXU LQ D V\QF\WLXP DW DURXQG  PLQ LQWHUYDOV ZLWK YLUWXDOO\ QR
]\JRWLFWUDQVFULSWLRQDQGDUHGULYHQE\PDWHUQDOO\FRQWULEXWHGSURWHLQVDQGP51$V>@$WWKDW
VWDJHQXFOHLPLJUDWHLQWKHV\QF\WLXPILUVW LQDQD[LDO IDVKLRQDQGWKHQWRZDUGV WKHFRUWH[WR
IRUPWKHEODVWRGHUP>@,QDGGLWLRQWRRUJDQL]LQJPLWRWLFVSLQGOHVFHQWURVRPHVDUHWHWKHUHGWR
QXFOHLLQWKHV\QF\WLXPDQGFRQVWLWXWHDQFKRUVIRUWKHQXFOHLWRDQHWZRUNRIDQWLSDUDOOHODVWUDO
PLFURWXEXOHV07VWKDWSXVKQXFOHLDZD\IURPHDFKRWKHUDQGWRZDUGVWKHFRUWH[>@%HFDXVH
RI WKH DEVHQFHRI*DW WKDW VWDJH'1$ UHSOLFDWLRQ DQGFHQWURVRPHGXSOLFDWLRQRFFXU VKRUWO\
DIWHUPLWRWLFH[LWDQGDVHDUO\DVWHORSKDVH>@7KHQXFOHDUHQYHORSHGRHVQRWFRPSOHWHO\EUHDN
GRZQGXULQJV\QF\WLDOPLWRVHVEXWEHFRPHVIHQHVWUDWHGWRDOORZ07VWRSHQHWUDWHQXFOHL>@
:KLOH FHQWURVRPHV DUH GLVSHQVDEOH IRU FHOO GLYLVLRQ LQ PDQ\ FHOO W\SHV WKH\ DUH DEVROXWHO\
HVVHQWLDOIRUHDUO\HPEU\RJHQHVLVLQDrosophila>@
7KH3ROR NLQDVH LV D FRQVHUYHG FHQWUDO UHJXODWRU RI0SKDVH >@ 3ROR SURPRWHV
PLWRWLFHQWU\E\DFWLYDWLQJ&GFSKRVSKDWDVHVWKDWDFWLYDWH&GN&GF>@&\FOLQ%&GN
WULJJHUV QXFOHDU HQYHORSH EUHDNGRZQ DQG FKURPRVRPH FRQGHQVDWLRQ >@ 3ROR DOVR SOD\V
LPSRUWDQW UROHV LQ FHQWURVRPH PDWXUDWLRQ FKURPRVRPH DWWDFKPHQW WR 07V ELSRODU VSLQGOH
DVVHPEO\ DQG F\WRNLQHVLV >@ +RZHYHU KRZ 3ROR IXQFWLRQV FRQWULEXWH WR YDULRXV
GHYHORSPHQWDO FRQWH[WV KDV EHHQ OLWWOH H[SORUHG :H KDYH UHFHQWO\ LGHQWLILHG WKH *UHDWZDOO
NLQDVH JHQHWLFDOO\ LQ DQ DQWDJRQLVWLF IXQFWLRQDO UHODWLRQVKLS ZLWK 3ROR LQ WKH Drosophila
V\QF\WLDOHPEU\R >@'HFUHDVLQJ3RORDFWLYLW\DQG LQFUHDVLQJ*ZODFWLYLW\ WRJHWKHU OHDG WRD
IDLOXUH LQ HDUO\ HPEU\RJHQHVLV FKDUDFWHUL]HG E\ FHQWURVRPH GHWDFKPHQWV IURP QXFOHL
'LVFRYHUHGLQDrosophilaDVDQLPSRUWDQWPLWRWLFNLQDVH>@*UHDWZDOOKDVUDSLGO\HPHUJHG
DV D FUXFLDO UHJXODWRU RI 0 SKDVH LQXenopus H[WUDFWV >@ DQG LQ KXPDQ FHOOV >@ 7KH
SUHFLVH QDWXUH RI WKH IXQFWLRQDO UHODWLRQVKLS EHWZHHQ 3ROR DQG *UHDWZDOO WKDW ZH XQFRYHUHG
JHQHWLFDOO\UHPDLQHGHOXVLYH>@
)UHHFHQWURVRPHVFDQRFFXULQVHYHUDOGLVWLQFWZD\VLQV\QF\WLDOHPEU\RVGHWDFKLQJIURP
PLWRWLFVSLQGOHVRULQWHUSKDVHQXFOHLRUGXSOLFDWLQJLQGHSHQGHQWO\IURPQXFOHL>@,QUHVSRQVH
WR'1$ GDPDJH FHQWURVRPHV FDQ EH LQDFWLYDWHG OHDGLQJ WR WKH ORVV RI WKH GDPDJHG QXFOHXV
ZKLFK VLQNV LQWR WKH \RON >@ 7KLV UHVSRQVH GHSHQGV RQ WKH &KN NLQDVH >@ 0XWDWLRQV
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
LQDFWLYDWLQJchk2GLGQRWSUHYHQWWKHFHQWURVRPHGHWDFKPHQWVREVHUYHGLQHPEU\RVZKHUH3ROR
IXQFWLRQZDVGHFUHDVHGDQG*ZO IXQFWLRQZDV LQFUHDVHG >@ VXJJHVWLQJ WKDW WKRVHHYHQWV DUH
QRWGXHWRDQDFWLYDWLRQRIWKH'1$GDPDJHFKHFNSRLQWEXWUHIOHFWSUREOHPVLQFRRUGLQDWLQJWKH
HDUO\PLWRWLFGLYLVLRQVDWDQRWKHUOHYHO
:HKDYH FRQGXFWHG DJHQHWLF VFUHHQ WR LGHQWLI\ DGGLWLRQDOJHQHV IXQFWLRQLQJZLWKpolo
DQGgwl:HXQFRYHUHGWZRJHQHVHQFRGLQJVXEXQLWVRI33$DVWKHVWURQJHVWKLWVLQWKLVVFUHHQ
WKHFDWDO\WLFVXEXQLWJHQHmicrotubule star/mtsDQGWKH%W\SHDGDSWRUVXEXQLWJHQHtwins/tws
3KHQRW\SLFH[DPLQDWLRQRIWKHQXFOHDUGLYLVLRQVLQVLQJOHPXWDQWVVKRZVWKDW3RORSURPRWHVWKH
FRKHVLRQ EHWZHHQ FHQWURVRPHV DQG QXFOHL DURXQG SURSKDVH ZKLOH 33$7ZV SURPRWHV
FHQWURVRPH DWWDFKPHQW WR QXFOHL GXULQJ PLWRWLF H[LW &RPSURPLVLQJ 3ROR DQG 33$7ZV
IXQFWLRQV VLPXOWDQHRXVO\ VWURQJO\ HQKDQFHV FHQWURVRPH GHWDFKPHQWV DQG OHDGV WR IDLOXUHV LQ
V\QF\WLDO HPEU\RQLF GHYHORSPHQW 0RUHRYHU ZH VKRZ WKDW WKH *ZO NLQDVH IXQFWLRQV WR
DQWDJRQL]H33$7ZVLQERWKPHLRVLVDQGPLWRVLV2XUUHVXOWVLQGLFDWHWKDWSUHFLVHFRRUGLQDWLRQ
RIPLWRWLFHQWU\DQGH[LW LV FUXFLDOGXULQJHPEU\RQLFFHOO F\FOHV DQG LPSOLFDWH3ROR*ZODQG
33$7ZVDVNH\UHJXODWRUV:HGLVFXVVRXUILQGLQJVLQWKHFRQWH[WRIUHFHQWVWXGLHVIURPWKH
XenopusH[WUDFWDQGDrosophilaV\VWHPVZKLFKDOVRLPSOLFDWHDSDWKZD\OLQNLQJ*ZODQG33$
LQUHJXODWLQJ0SKDVH
5(68/76
3RORIXQFWLRQLVUHTXLUHGIRUSURSHUFRKHVLRQEHWZHHQFHQWURVRPHVDQGQXFOHL
+DOYLQJ WKH OHYHOV RI 3ROR NLQDVH LQ WKH IO\ GRHV QRW FDXVH DQ\ REYLRXV SUREOHPV RI
GHYHORSPHQWRUIHUWLOLW\+RZHYHUHPEU\RVODLGE\poloKHWHUR]\JRXVIHPDOHVDUHPDGHLQYLDEOH
E\ D JDLQ RI *UHDWZDOO *ZO IXQFWLRQ RU E\ RYHUH[SUHVVLRQ RI 0DS D VWURQJ SK\VLFDO
LQWHUDFWRU RI 3ROR >@ ,Q ERWK FDVHV GHIHFWLYH HPEU\RV DUH FKDUDFWHUL]HG E\ D VWULNLQJO\
SHQHWUDQWSKHQRW\SHRIFHQWURVRPHGHWDFKPHQWVIURPQXFOHL7KHVHREVHUYDWLRQVSURPSWHGXVWR
H[DPLQH PRUH FORVHO\ WKH HIIHFWV RI FRPSURPLVLQJ 3ROR IXQFWLRQ LQ WKH V\QF\WLDO HPEU\R
,PPXQRIOXRUHVFHQFHLQHPEU\RVIURPPRWKHUVKHWHUR]\JRXVIRUWKHQXOOpolo11DOOHOH>@VKRZV
WKDWVHYHUDOQXFOHLLQSURSKDVHKDYHRQHGLVORFDWHGFHQWURVRPH)LJXUH$%OHIWDUURZKHDGV
TXDQWLILHGLQ)LJXUH%FRQVLVWHQWZLWKSUHYLRXVUHVXOWV>@7KLVSKHQRW\SHLVDOVRREVHUYHG
LQ HPEU\RV IURP PRWKHUV KHWHUR]\JRXV IRU polo9 D VWURQJ K\SRPRUSK GDWD QRW VKRZQ
&HQWURVRPH GHWDFKPHQW FDQ DOVR EH REVHUYHG LQ SURPHWDSKDVHPHWDSKDVH )LJXUH % ULJKW
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7KXV WKHFRKHVLRQEHWZHHQFHQWURVRPHVDQGQXFOHLLQHDUO\PLWRVLVLVVHQVLWLYHWR3RORNLQDVH
OHYHOV
7KH3RORNLQDVHLVHVVHQWLDOIRUDZLGHYDULHW\RIIXQFWLRQVGXULQJFHOOGLYLVLRQLQFOXGLQJ
FHQWURVRPHPDWXUDWLRQ VSLQGOH DVVHPEO\ DQG F\WRNLQHVLV <HW WKHVH SURFHVVHV GR QRW DSSHDU
FRPSURPLVHG LQ HPEU\RV UHFHLYLQJ KDOI WKHLU QRUPDO DPRXQW RI 3ROR ZKLOH FHQWURVRPH
DWWDFKPHQWWRQXFOHLLVSDUWLDOO\GHIHFWLYH7KLVVXJJHVWHGWKDWFHQWURVRPHQXFOHLFRKHVLRQLQWKH
HPEU\RLVSDUWLFXODUO\VHQVLWLYHWRDGHFUHDVHLQ3RORDFWLYLW\ZKLOHWKHRWKHUIXQFWLRQVRI3ROR
DUHVDWLVILHGZLWKDORZHU3ROROHYHO
:H VRXJKW WR H[DPLQH WKH HIIHFWV RI D PRUH VHYHUH UHGXFWLRQ LQ 3ROR IXQFWLRQ GXULQJ
V\QF\WLDOHPEU\RJHQHVLV%HFDXVH3RORLVFRQWULEXWHGWRWKHHPEU\RPDWHUQDOO\DQGEHFDXVHLWLV
HVVHQWLDO IRUYLDELOLW\DQG IRUPHLRVLVZHFRXOGQRWH[DPLQH WKHHIIHFWVRIDFRPSOHWHJHQHWLF
LQDFWLYDWLRQ RI 3ROR RQ HPEU\RJHQHVLV 7R FLUFXPYHQW WKHVH OLPLWDWLRQV ZH XVHG FKHPLFDO
LQKLELWLRQ:H IRXQG WKDW WKH3ROROLNH NLQDVH  LQKLELWRU%, >@ LV D SRWHQW LQKLELWRU RI
Drosophila 3ROR 7UHDWPHQW RI '0HO RU 6 FHOOV LQ FXOWXUHZLWK%, SKHQRFRSLHG51$L
GHSOHWLRQRI3ROROHDGLQJWRDKLJKHUPLWRWLFLQGH[DQGDQDFFXPXODWLRQRISURPHWDSKDVHFHOOV
WKDWRIWHQGLVSOD\HGPRQRSRODU VSLQGOHV GDWDQRW VKRZQ$VSUHGLFWHG WUHDWPHQWRI HPEU\RV
ZLWK%,OHGWRDKLJKIUHTXHQF\RIFHQWURVRPHGHWDFKPHQWDORQJZLWKRWKHUGHIHFWVW\SLFDO
RI 3ROR LQKLELWLRQ LQ FXOWXUHG FHOOV LQFOXGLQJ LQFRPSOHWH RU DEVHQW VSLQGOHV DQG PLVDOLJQHG
FKURPRVRPHV )LJXUH ' ( 1RW VXUSULVLQJO\ GHIHFWLYH QHLJKERXULQJ VSLQGOHVZHUH RIWHQ
IXVHG LQ WKH V\QF\WLXP )LJXUH ' ( +RZHYHU VSLQGOH GHIHFWV ZHUH OHVV SHQHWUDQW WKDQ
FHQWURVRPHGHWDFKPHQWV)LJXUH($OOGHIHFWVZHUHDOPRVWQHYHUREVHUYHGޒLQFRQWURO
HPEU\RV WUHDWHGZLWK'062 DORQH$OWRJHWKHU RXU UHVXOWV VXJJHVW WKDW D ORZHU OHYHO RI 3ROR
DFWLYLW\ LV VXIILFLHQW IRU VSLQGOH DVVHPEO\ DQG IXQFWLRQ ZKLOH SURSHU FRKHVLRQ EHWZHHQ
FHQWURVRPHVDQGQXFOHLUHTXLUHVDKLJKHUOHYHORI3RORDFWLYLW\
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
)LJXUH  7KH 3ROR NLQDVH LV UHTXLUHG IRU SURSHU FHQWURVRPH DWWDFKPHQW WR QXFOHL LQ
V\QF\WLDO HPEU\RV $ % &HQWURVRPH GHWDFKPHQWV REVHUYHG LQ SURSKDVH LQ HPEU\RV IURP
polo11/+ PRWKHUV DUURZKHDGV % (PEU\RV IURP polo11/+ PRWKHUV /HIW GHWDFKPHQWV LQ
SURSKDVH5LJKWH[DPSOHRIDGHWDFKPHQW WKDWSHUVLVWV LQSURPHWDSKDVH&(QODUJHPHQW IURP
WKHSURPHWDSKDVH LPDJH LQ%$UURZ07VIURPWKHGHWDFKHGFHQWURVRPHIDLO WRSHQHWUDWH WKH
QXFOHDUHQYHORSH'&KHPLFDOLQKLELWLRQRI3RORUHVXOWVLQFHQWURVRPHGHWDFKPHQWVDQGVSLQGOH
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GHIHFWVFRQVLVWHQWZLWKNQRZQ3RORIXQFWLRQVaDEVHQWVSLQGOHVbIXVHGVSLQGOHVcLQFRPSOHWH
VSLQGOHVdGHWDFKHGFHQWURVRPHV(PEU\RVZHUHWUHDWHGZLWKȝ0%,IRUPLQWRLQKLELW
3ROR5HGĮ7XEXOLQ*UHHQȖ7XEXOLQ%OXH'1$(4XDQWLILFDWLRQRIWKHREVHUYHGGHIHFWV
1    HPEU\RV (UURU EDUV 6(0 7KH IUHTXHQF\ RI DOO VFRUHG GHIHFWV LQ FRQWURO HPEU\RV
'062RQO\ZDVOHVVWKDQ1 6FDOHEDUVȝP
7UDQVLHQWO\GHWDFKHGFHQWURVRPHVDUHUHFDSWXUHGE\PLWRWLFVSLQGOHV
&HQWURVRPHQXFOHL FRKHVLRQ LV FUXFLDO WR HPEU\RQLF GHYHORSPHQW VLQFH LW SURYLGHV WKH
OLQN EHWZHHQ QXFOHL DQG D VNHOHWRQ RI DQWLSDUDOOHO DVWUDOPLFURWXEXOHV 07V WKDW SXVKHV WKH
QXFOHL DSDUW DQG WRZDUGV WKH FRUWH[ )LJXUH $ DOWKRXJK RYHUODSSLQJ07V DUH GLIILFXOW WR
REVHUYH>@0RUHRYHUFHQWURVRPHVDUHHVVHQWLDOWRWKHDVVHPEO\RIELSRODUPLWRWLFVSLQGOHVLQ
V\QF\WLDOHPEU\RV>@%HFDXVHWKHH[DPLQHGpoloFRPSURPLVHGHPEU\RVDUHDEOHWRFRPSOHWH
GHYHORSPHQWWKHGLVORFDWLRQEHWZHHQFHQWURVRPHVDQGQXFOHLREVHUYHGHLWKHUOHDGVWRSUREOHPV
WKDW RFFXU DW D WROHUDWHG UDWH RU LV WUDQVLHQW DQG GRHV QRW XVXDOO\ OHDG WR PLWRWLF RU QXFOHDU
PLJUDWLRQ GHIHFWV 7R H[DPLQH WKHVH SRVVLELOLWLHV ZH XVHG WLPHODSVH PLFURVFRS\ IROORZLQJ
*)3'7$&& DV D FHQWURVRPDO DQG VSLQGOHPDUNHU >@ DQG KLVWRQH+$5)3 DV D QXFOHDU
PDUNHU ,Q HPEU\RV IURP polo11/+ PRWKHUV ZH FRXOG UHDGLO\ ILQG VHYHUDO QXFOHL ZKHUH RQH
FHQWURVRPHZDVGLVORFDWHGIURPLWVQXFOHXVRIRULJLQ)LJXUH%DUURZKHDGV<HWGLVORFDWHG
FHQWURVRPHV ZHUH UHFDSWXUHG GXULQJ VSLQGOH DVVHPEO\  V DUURZV DQG QXFOHDU GLYLVLRQV
FRXOG WKHQ EH FRPSOHWHG VHH DOVR9LGHR 6 7KLV GHWDFKPHQWZDV QRW REVHUYHG LQ HPEU\RV
IURPWT PRWKHUV)LJXUH&DQG9LGHR67KHVHREVHUYDWLRQVH[SODLQKRZWKHFHQWURVRPH
GLVORFDWLRQV VHHQ LQpoloFRPSURPLVHGHPEU\RVDUH WUDQVLHQWDQGKDYHQR OHWKDOFRQVHTXHQFHV
RQWKHLURZQ)LJXUH'7KLVFHQWURVRPHUHFDSWXUHKDVDOVREHHQREVHUYHGLQHPEU\RVZLWK
UHGXFHG3RORIXQFWLRQDQGHOHYDWHG*ZOIXQFWLRQDOWKRXJKWKRVHHPEU\RVZHUHPXFKVLFNHUDQG
LQYLDEOHDQGPDQ\FHQWURVRPHVZHUHQRWUHFDSWXUHG>@

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
)LJXUH'HWDFKHGFHQWURVRPHVIURPQXFOHLFDQEHUHFDSWXUHGE\WKHPLWRWLFVSLQGOHV$
'XULQJV\QF\WLDOGLYLVLRQVQXFOHLDUHOLQNHGE\DQWLSDUDOOHODVWUDO07VOHIWZKLFKSXVKQXFOHL
DSDUW UHG DUURZV DQG WRZDUGV WKH FRUWH[ ULJKW % 7LPHODSVH LPDJLQJ RI HPEU\RV IURP
polo11/+ PRWKHUV DQG H[SUHVVLQJ*)3'7$&& WRPDUN FHQWURVRPHV DQG VSLQGOHV DQG+$
5)3WRPDUNWKHFKURPDWLQ$W7GHWDFKHGFHQWURVRPHVDUURZKHDGVDUHFOHDUO\DZD\IURPWKH
QXFOHL$WVGHWDFKHGFHQWURVRPHVDUHUHFDSWXUHGDUURZVDQGQXFOHDUGLYLVLRQLVFRPSOHWHG
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
QRUPDOO\6FDOHEDUȝP&7LPHODSVHLPDJLQJRIDWTHPEU\RDVDFRQWURO'6FKHPDWLF
LOOXVWUDWLRQRIDQXFOHDUGLYLVLRQLQDQHPEU\RZLWKUHGXFHG3ROROHYHOVYVDQRUPDO:7HPEU\R
&HQWURVRPHGHWDFKPHQWLQWKH3RORFRPSURPLVHGHPEU\RLVRQO\WUDQVLHQW
7KDW3RORLVUHTXLUHGWRNHHSWKHFRKHVLRQEHWZHHQFHQWURVRPHVDQGQXFOHLLVFRQVLVWHQW
ZLWK LWV NQRZQ IXQFWLRQV DW PLWRWLF HQWU\ LQ SURPRWLQJ FHQWURVRPH PDWXUDWLRQ DQG &GN
DFWLYDWLRQ >@ 3ROR DOVR DVVLVWV &\FOLQ %&GN LQ SURPRWLQJ QXFOHDU HQYHORSH EUHDNGRZQ
>@,QDrosophilaV\QF\WLDOHPEU\RVWKHQXFOHDUHQYHORSHGRHVQRWFRPSOHWHO\EUHDNGRZQ
LQ PLWRVLV EXW EHFRPHV IHQHVWUDWHG QHDU FHQWURVRPHV DOORZLQJ07V WR SHQHWUDWH QXFOHL DQG
UHDFK FKURPRVRPHV >@ $W WKDW VWDJH FHQWURVRPH DWWDFKPHQW WR WKH QXFOHDU HQYHORSH LV
ZHDNHQHGDQGLVUHSODFHGE\07DWWDFKPHQWVWRFKURPRVRPHV7KXVWKHGHWDFKHGFHQWURVRPHV
REVHUYHG LQ SURSKDVH ZKHQ 3ROR DFWLYLW\ LV GHFUHDVHG FRXOG EH H[SODLQHG E\ D IDLOXUH WR
FRRUGLQDWH FHQWURVRPH IXQFWLRQZLWKQXFOHDU HQYHORSH IHQHVWUDWLRQ DWPLWRWLF HQWU\&RQVLVWHQW
ZLWKWKLVLGHDLQpoloFRPSURPLVHGHPEU\RV07VHPDQDWLQJIURPWKHGHWDFKHGFHQWURVRPHFDQ
EH VHHQDV LI SUHVVLQJRQ WKHQXFOHDU HQYHORSHZKLFK FDYHV LQGHHSO\EXWGRHVQRW DOORZ07
SHQHWUDWLRQDW WKHSURSKDVHSURPHWDSKDVH WUDQVLWLRQZKLOH07VIURPWKHDWWDFKHGFHQWURVRPHV
KDYHDOUHDG\LQYDGHGWKHQXFOHXV)LJXUH&

$ JHQHWLF VFUHHQ LGHQWLILHV 33$7ZV DV D VWURQJ IXQFWLRQDO LQWHUDFWRU RI 3ROR DQG
*ZOLQWKHV\QF\WLDOHPEU\R
7KHREVHUYHGFHQWURVRPHQXFOHXVFRKHVLRQGHIHFWV LQHPEU\RV IURPpoloKHWHUR]\JRXV
IHPDOHV VXJJHVWHG WKDW LW FRXOGSURYLGH D JRRG VHQVLWL]HGEDFNJURXQG WR VFUHHQ IRU JHQHV WKDW
IXQFWLRQZLWKpoloLQWKHHPEU\R:HFRQGXFWHGVXFKDVFUHHQXVLQJWKH'URV'HOGHILFLHQF\FRUH
NLW FRQVLVWLQJ RI D VXEFROOHFWLRQ RI ODUJH JHQRPLF GHOHWLRQV ZKLFK DOWRJHWKHU XQFRYHU
DSSUR[LPDWHO\RI WKHIO\JHQRPH>@)HPDOHVKHWHUR]\JRXVIRU WKHpolo11QXOOPXWDWLRQ
ZHUHV\VWHPDWLFDOO\FURVVHGWRPDOHVKHWHUR]\JRXVIRUDVLQJOHGHILFLHQF\)LJXUH$,Q)
SURJHQ\IHPDOHVKHWHUR]\JRXVIRUERWKpolo11DQGWKHGHILFLHQF\ZHUHWHVWHGIRUWKHLUDELOLW\WR
SURGXFH YLDEOH HPEU\RV KDWFKLQJ LQWR ODUYDH 7KH VDPH VFKHPH ZDV DSSOLHG WR WHVW HDFK
GHILFLHQF\ LQFRPELQDWLRQZLWKRQHFRS\RIgwlScant DJDLQRIIXQFWLRQDOOHOHRIgwl LGHQWLILHG
SUHYLRXVO\DVDGRPLQDQWV\QWKHWLF OHWKDOHQKDQFHURIpoloK\SRPRUSKLFHPEU\RV>@7KH
ODUJHPDMRULW\RIGHILFLHQFLHVDOORZHGIXOOIHUWLOLW\ZKHQFRPELQHGZLWK polo11 RUgwlScant2QO\
GHILFLHQFLHV UHVXOWHG LQ OHVV WKDQ  HPEU\R KDWFKLQJZKHQ FRPELQHGZLWK HLWKHUpolo11 or 
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gwlScant )LJXUH % ,QWHUHVWLQJO\ WKH GHILFLHQFLHV WKDW LQWHUDFWHGZLWKpolo11 WHQGHG WR DOVR
LQWHUDFWZLWKgwlScant DQG YLFHYHUVD IXUWKHU VXJJHVWLQJ D YHU\ FORVH IXQFWLRQDO OLQN EHWZHHQ
3ROR DQG *ZO :H UHDVRQHG WKDW WKH GHOHWLRQV LGHQWLILHG ZHUH OLNHO\ WR XQFRYHU JHQHV WKDW
IXQFWLRQZLWKpoloDQGgwl
$PRQJWKHGHILFLHQFLHVLGHQWLILHGLQWKHVFUHHQWKHVWURQJHVWJHQHWLFLQWHUDFWRUZLWKpolo
DQGgwlZDVDf(3R)ED5474ZKLFKUHVXOWHGLQFRPSOHWHIDLOXUHRIWKHHPEU\RVWRKDWFK)LJXUH
%8VLQJ RYHUODSSLQJ GHILFLHQFLHVZHZHUH DEOH WR OLPLW WKH LQWHUYDO RI LQWHUHVW WR D UHJLRQ
FRQWDLQLQJRQO\JHQHVRQFKURPRVRPH5)LJXUH&2QHRIWKRVHJHQHVZDVtwinstws
ZKLFKHQFRGHVD%W\SHDGDSWRUVXEXQLWRI33$SUHYLRXVO\LPSOLFDWHGLQFHOOF\FOHUHJXODWLRQ
>@DQG LV WKHVROHRUWKRORJRI WKHKXPDQ%JURXSRIDGDSWRUVXEXQLWV >@&RPELQLQJ
RQHFRS\RI twsP D VWURQJK\SRPRUSKLFDOOHOHGXH WRD3HOHPHQW LQVHUWLRQZLWKRQHFRS\RI
polo11LQWKHPDWHUQDOJHQRW\SHUHVXOWHGLQDFRPSOHWHIDLOXUHRIHPEU\RVWRKDWFK)LJXUH'
6LPLODU UHVXOWVZHUH REWDLQHGZLWK DQRWKHU DOOHOH twsaar-1:H GLG QRW WHVW LIPXWDWLRQV LQ WKH
RWKHUJHQHVXQFRYHUHGLQWKHLQWHUYDORILQWHUHVWJHQHWLFDOO\LQWHUDFWZLWKpolo.,QDQ\FDVHWKH
JHQHWLFLQWHUDFWLRQEHWZHHQpoloDQG twsSRLQWHGDWDIXQFWLRQDOLQWHUGHSHQGHQFHEHWZHHQ3ROR
DQG33$LQWKHHPEU\R

68


)LJXUH$VFUHHQIRUJHQHVIXQFWLRQLQJZLWKpoloLGHQWLILHVWKH33$VXEXQLWJHQHVtwins
DQGmicrotubule star$*HQHWLF VFKHPHRI WKH VFUHHQ'HILFLHQFLHVRI WKH'URV'HO&RUHNLW
ZHUH FRPELQHG ZLWK RQH DOOHOH RI polo11 'RXEO\ KHWHUR]\JRXV IHPDOHV ZHUH WDNHQ DQG WKHLU
HPEU\RVZHUHWHVWHGIRUWKHDELOLW\WRKDWFK$VLPLODUVFUHHQZDVSHUIRUPHGZLWKgwlScantLQVWHDG
RIpolo11 %'HILFLHQFLHV REWDLQHG WKDW \LHOGHG OHVV WKDQ  HPEU\R KDWFKLQJ LQ WKH VFUHHQ
ZKHQFRPELQHGZLWKpolo11 RUgwlScant)RUHDFKGHILFLHQF\WKHF\WRORFDWLRQDQGWKHSHUFHQWDJHV
RI HPEU\RVKDWFKLQJREWDLQHG LQ WKH VFUHHQDUH LQGLFDWHG& ,GHQWLILFDWLRQRI twins tws DV D
JHQHWLF LQWHUDFWRU 7HVWLQJ GHILFLHQFLHV RYHUODSSLQJ ZLWK Df(3R)ED5474 IRU WKHLU HIIHFW RQ
HPEU\RKDWFKLQJZKHQ LQWURGXFHG LQ WKHPDWHUQDOpolo11/+ EDFNJURXQG DOORZHG WR UHVWULFW WKH
LQWHUYDORI LQWHUHVW WRJHQHVZKLFK LQFOXGHG twins'poloJHQHWLFDOO\ LQWHUDFWV VSHFLILFDOO\
ZLWKtwsDQGmts3HUFHQWDJHRIHPEU\RVKDWFKLQJIRUWKHLQGLFDWHGPDWHUQDOJHQRW\SHV1 
HUURUEDUV6(0
:HWKHQWHVWHGV\VWHPDWLFDOO\DOO33$VXEXQLWJHQHVLQDrosophilaIRUZKLFKZHFRXOG
REWDLQPXWDQWVIRUSRWHQWLDOJHQHWLFLQWHUDFWLRQVZLWKpoloLQWKHVDPHDVVD\2IWKHWKUHH33$
DGDSWRUVXEXQLWJHQHV WHVWHGtws, widerborst, PP2A-B’RQO\ tws VKRZHGDJHQHWLF LQWHUDFWLRQ
ZLWKpolo11 CG4733 PP2A-B’’ZDVQRW WHVWHG)HPDOHVKHWHUR]\JRXV IRUERWKpolo11 DQGD
PXWDQW DOOHOH RImicrotubule star mts WKH FDWDO\WLF VXEXQLW JHQH >@ SURGXFHG VHPLYLDEOH
HPEU\RV )LJXUH ' 6LPLODU JHQHWLF LQWHUDFWLRQV ZHUH REVHUYHG EHWZHHQ polo9 D VWURQJ
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K\SRPRUSKDQG twsRUmtsGDWDQRWVKRZQ,QWHUHVWLQJO\mtsLVXQFRYHUHGE\Df(2L)ED12527
LGHQWLILHGDVDQRWKHUVWURQJKLWLQRXUVFUHHQ)LJXUH%2QHFRS\RIDPXWDQWDOOHOHRIPp2A-
29BZKLFK HQFRGHV WKH VWUXFWXUDO VXEXQLW RI 33$KDG QR HIIHFW LQ FRPELQDWLRQZLWKpolo11
7KLVFRXOGEHH[SODLQHGLIWKLVVXEXQLWZHUHWREHSUHVHQWLQH[FHVVUHODWLYHWRWKHRWKHUVXEXQLWV
RI WKH KRORHQ]\PH 1R JHQHWLF LQWHUDFWLRQV ZHUH GHWHFWHG ZLWK GHILFLHQFLHV XQFRYHULQJ
widerborst PP2A-B’ RU Pp2A-29B GDWD QRW VKRZQ 6WURQJ JHQHWLF LQWHUDFWLRQV ZHUH DOVR
REVHUYHGEHWZHHQgwlScantDQGtws RUmtsLQWKHVDPHDVVD\7KHSHUFHQWDJHRIHPEU\RVKDWFKLQJ
IURPmts/+gwlScant /+DQGgwlScant +/+ twsPZDV]HUR LQERWKFDVHV 1 7KHVH UHVXOWV
SRLQWDW33$7ZVDVDFULWLFDOIXQFWLRQDO LQWHUDFWRURI3RORDQG*ZOGXULQJV\QF\WLDOHPEU\R
GHYHORSPHQW7KHIDFWWKDWWKHWZRVWURQJHVWKLWVRXWRIWKHRIWKHJHQRPHWKDWZDVVFUHHQHG
DUHVXEXQLWVRI33$7ZVKLJKOLJKWVWKHVSHFLILFLW\RIWKHSDWKZD\XQFRYHUHGKHUH:HQRWHWKDW
DVWURQJJHQHWLFLQWHUDFWLRQZDVDOVRGHWHFWHGEHWZHHQDf(2L)ED1315 DQGpolo11RUgwlScantDQG
WKHUHIRUH WKLV GHOHWLRQ FRXOG XQFRYHU DQRWKHU LPSRUWDQW JHQH IXQFWLRQLQJZLWK 3ROR *ZO DQG
33$+RZHYHUDf(2L)ED1315GLVUXSWVJHQHVDQG WKHGHILFLHQF\PDSSLQJRI WKHJHQHRI
LQWHUHVWLVSURYLQJFKDOOHQJLQJ

*UHDWZDOODQWDJRQL]HV33$7ZVLQ0SKDVH
7KH V\QWKHWLF PDWHUQDOHIIHFW HPEU\RQLF OHWKDOLW\ EHWZHHQ gwlScant DQG tws RU mts 
KHWHUR]\JRXV PXWDWLRQV VXJJHVWHG DQ DQWDJRQLVWLF UHODWLRQVKLS EHWZHHQ *ZO DQG 33$7ZV
7KHgwlScantPXWDQWDOOHOHRIgwlOHDGVWRD.0VXEVWLWXWLRQWKDWPDNHVWKHNLQDVHK\SHUDFWLYH
LQYLWUR>@7RWHVWGLUHFWO\LIHPEU\RVZLWKUHGXFHG33$7ZVIXQFWLRQDUHVHQVLWLYHWRDJDLQ
LQ*ZONLQDVHDFWLYLW\ZHRYHUH[SUHVVHG*ZOLQWKHHJJDQGHDUO\HPEU\RV7KLVZDVDFKLHYHG
E\WKHODWHIHPDOHJHUPOLQHH[SUHVVLRQRI*DOXQGHUFRQWURORIWKHPDWHUQDOĮWXEXOLQSURPRWHU
OHDGLQJ WR WKH*DOGULYHQ H[SUHVVLRQ RIUASp-GWL LQ WKDW WLVVXH2YHUH[SUHVVLRQ RI*ZO LQ
HJJVHPEU\RV IURP twsP KHWHUR]\JRXV PRWKHUV ZDV DOPRVW FRPSOHWHO\ OHWKDO ZKLOH
RYHUH[SUHVVLRQRIDNLQDVHGHDGIRUPRI*ZOKDGQRHIIHFWRQHPEU\RQLFYLDELOLW\)LJXUH$
7KHUHIRUHH[FHVVLYH*ZONLQDVHDFWLYLW\UHODWLYHWR33$7ZVDFWLYLW\GLVUXSWVHLWKHURRJHQHVLV
DQGRUHPEU\RQLFGHYHORSPHQW
)HUWLOLVHG HJJV RU HPEU\RV RYHUH[SUHVVLQJ *ZO DQG ZLWK D UHGXFHG 7ZV GRVDJH ZHUH
H[DPLQHGE\LPPXQRIOXRUHVFHQFH6WULNLQJO\PRVWHJJVHPEU\RVZHUHEORFNHGLQPHWDSKDVHRI
PHLRVLV,HYHQDIWHUWRKRXUVSRVWOD\LQJ)LJXUH%a&(PEU\RVRYHUH[SUHVVLQJ*ZO
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DORQHRUZLWK D UHGXFHGGRVHRI7ZV DORQHZHUH DOPRVW DOO FHOOXODUL]HGE\ WKDW WLPH OLNHWT
HPEU\RV)LJXUH%ULJKW&7KHVHUHVXOWVVXJJHVWDUROHIRU*ZOLQSURPRWLQJWKHPHLRWLF
DUUHVWE\DQWDJRQL]LQJ33$7ZV&RQYHUVHO\ZHSUHYLRXVO\VKRZHGWKDWDORVVRI*ZOIXQFWLRQ
LQ RRF\WHV OHDGV WR D IDLOXUH WR DUUHVW LQ PHLRVLV DVVRFLDWHG ZLWK XQVWDEOH VLVWHU FKURPDWLG
FRKHVLRQ >@ 2XU UHVXOWV DUH FRQVLVWHQW ZLWK UHFHQW ELRFKHPLFDO VWXGLHV VKRZLQJ WKDW *ZO
SURPRWHV0SKDVH LQXenopus HJJ H[WUDFWV E\ DQWDJRQL]LQJ 33$%į RUWKRORJ RI 7ZLQV
ZKLFK KDV LWVHOI EHHQ VKRZQ WR SURPRWH0SKDVH H[LW E\ GHSKRVSKRU\ODWLQJ &GN VXEVWUDWHV
)LJXUH'GLVFXVVHGEHORZ>@


71












)LJXUH*UHDWZDOODQWDJRQL]HV33$7ZV LQPHLRVLVDQGPLWRVLV$2YHUH[SUHVVLRQRI
*ZO LQ WKH HPEU\R ZLWK UHGXFHG GRVDJH RI 7ZV OHDGV WR D IDLOXUH WR KDWFK 7KLV HIIHFW LV
GHSHQGHQW RQ WKHNLQDVH DFWLYLW\ RI*ZO .'.LQDVHGHDG5HVXOWV VKRZQ IRU WKH WUDQVJHQLF
JHQRW\SHVFRPELQHYDOXHVREWDLQHGIRULQGHSHQGHQWWUDQVJHQLFOLQHV1 (UURUEDUV6(0
%([DPSOHVRI HPEU\RVEHWZHHQ WRKUVSRVWOD\LQJWT HPEU\RV DUHFHOOXODUL]HGE\ WKDW
WLPHULJKWa0RVWHPEU\RVRYHUH[SUHVVLQJ*ZODQGZLWKUHGXFHG7ZVIDLOWRH[LWPHWDSKDVH
RIPHLRVLV,ZKHUHDVLQJOHDFHQWURVRPDOPHLRWLFVSLQGOHLVREVHUYHGb6RPHHPEU\RVDWWHPSW
PLWRWLF F\FOHV DQG DUHPRVWO\ EORFNHGZLWKPXOWLSOH DEHUUDQW VWUXFWXUHV FRQWDLQLQJ FRQGHQVHG
FKURPDWLQ DQG 07V DVWHULVNV c PLWRWLF GLYLVLRQV LQ NDU\RNLQHVLV UDUHO\ VHHQ 1RWH WKH
SUHVHQFHRIDFHQWUDOVSLQGOHDUURZ&HQWURVRPHVDUHGHWDFKHGIURPQXFOHLb, cDUURZKHDGV
6FDOHEDUȝP&4XDQWLWDWLRQRIWKHGLIIHUHQWVWDJHVREVHUYHGIRUWKHLQGLFDWHGJHQRW\SHVLQ
HPEU\RV  WR  KRXUV SRVWOD\LQJOE GWL 2YHUH[SUHVVLRQ RIUASp-GWL 7KH QXPEHU RI
HJJVHPEU\RV H[DPLQHG LV LQGLFDWHG DERYH HDFK FROXPQ (UURU EDUV 6(0  ' 0RGHO
*UHDWZDOODQWDJRQL]HV33$7ZVWRSUHYHQW0SKDVHH[LWVHH WH[WIRUGLVFXVVLRQ(+DOYLQJ
WKH DPRXQW RI *ZO LQ HPEU\RV IURP PRWKHUV KHWHUR]\JRXV IRU ERWK polo11 DQG mts XE-2258
PXWDWLRQVSDUWLDOO\UHVFXHVWKHLUDELOLW\WRKDWFK1 (UURUEDUV6(0
$OWKRXJKPRVWHJJVRYHUH[SUHVVLQJ*ZODQGZLWKDUHGXFHGDPRXQWRI 7ZVDUUHVWHGLQ
PHLRVLV D IHZ HJJV PDQDJHG WR FRPSOHWH PHLRVLV DQG DWWHPSWHG WR LQLWLDWH HPEU\RQLF
GHYHORSPHQW+RZHYHU WKHVHVHPEU\RVXVXDOO\DERUWHG LQ WKH ILUVWPLWRVHVGLVSOD\LQJVHYHUDO
VPDOODEHUUDQWVWUXFWXUHVZLWKFRQGHQVHGFKURPDWLQDWWKHFHQWHURIVPDOOVSLQGOHV)LJXUH%b
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
&7KHIHZPLWRWLFQXFOHLREVHUYHGVKRZHGDYHU\KLJKLQFLGHQFHRIGHWDFKHGFHQWURVRPHV
)LJXUH%bcDUURZKHDGV7KHVHREVHUYDWLRQVVXJJHVWWKDWWKH*ZO33$7ZVSDWKZD\FDQ
DOVRUHJXODWHPLWRWLFGLYLVLRQV
:H UHDVRQHG WKDW LIQRUPDO OHYHOVRI*ZO UHJXODWHPLWRVLVE\DQWDJRQL]LQJ33$7ZV
WKHQ GHFUHDVLQJ WKH DFWLYLW\ RI *ZO FRXOG UHVFXH WKH YLDELOLW\ RI HPEU\RV IURPmts XE-2258/+; 
polo11/+ PRWKHUVZKLFKDUH VHPLYLDEOHDQG VKRZVHYHUHPLWRWLFGHIHFWV )LJXUH$%
,QGHHGWKRVHHPEU\RVZHUHSDUWLDOO\UHVFXHGE\WKHLQWURGXFWLRQRIRQHFRS\RIWKHQXOODOOHOH
gwl6aRURQHFRS\RIgwlSr18ZKLFKDEROLVKHVWKHRQO\PDWHUQDOO\FRQWULEXWHGVSOLFHYDULDQWRI
gwl )LJXUH ( >@ 7KLV UHVXOW VWURQJO\ VXJJHVWV WKDW *ZO QRUPDOO\ QHJDWLYHO\ UHJXODWHV
33$7ZVGXULQJWKHPLWRWLFGLYLVLRQVLQDGGLWLRQWRPHLRVLVin vivo


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
)LJXUH  33$7ZV FROODERUDWHV ZLWK 3ROR WR SURPRWH FHOO F\FOH SURJUHVVLRQ DQG
FHQWURVRPHFRKHVLRQWRQXFOHL$,PDJHVRIHPEU\RVIURPPRWKHUVRIWKHLQGLFDWHGJHQRW\SHV
/HIW5HGXFHGOHYHOVRI7ZVOHDGWRFHQWURVRPHGHWDFKPHQWVLQODWH0SKDVHWKDWFDQSHUVLVWLQ
LQWHUSKDVH0LGGOHDQGULJKWUHGXFLQJERWK3ROR DQG0WVRU7ZVVWURQJO\HQKDQFHVFHQWURVRPH
GHWDFKPHQWV6FDOHEDUȝP%4XDQWLWDWLRQRIFHQWURVRPHGHWDFKPHQWVDWGLIIHUHQWFHOOF\FOH
VWDJHV IRU WKH LQGLFDWHGJHQRW\SHV%HWZHHQDQGHPEU\RVZHUH VFRUHG IRUHDFKFDWHJRU\
(UURUEDUV6(0&0RGHO3RORDQG33$7ZVFROODERUDWHWRHQVXUHFHQWURVRPHDWWDFKPHQW
GXULQJWKHV\QF\WLDOFHOOF\FOHV6HHWH[WIRUGHWDLOV
33$7ZVFROODERUDWHVZLWK3RORWRHQVXUHFHQWURVRPHFRKHVLRQWRQXFOHLDQGQXFOHDU
GLYLVLRQVLQWKHV\QF\WLDOHPEU\R
3KHQRW\SLF H[DPLQDWLRQ RI HPEU\RV IURP poloKHWHUR]\JRXV PRWKHUV UHYHDOHG DQ
HOHYDWHG IUHTXHQF\ RI WUDQVLHQW FHQWURVRPH GLVORFDWLRQV IURP QXFOHL LQ SURSKDVH )LJXUH 
)LJXUH % %HFDXVH RI WKH VWURQJ JHQHWLF LQWHUDFWLRQ EHWZHHQ polo DQG tws RU mts ZH
H[DPLQHGHPEU\RVIURPPRWKHUV KHWHUR]\JRXVIRUtwsDQGmtsPXWDWLRQVWRUHYHDODQ\SRWHQWLDO
GHIHFWV ,QWHUHVWLQJO\ ZH GHWHFWHG D VLJQLILFDQW LQFLGHQFH RI FHQWURVRPH GHWDFKPHQWV LQ ERWK
FDVHV+RZHYHUXQOLNHWKRVHREVHUYHGLQpoloFRPSURPLVHGHPEU\RVZKLFKRFFXUUHGPRVWO\LQ
SURSKDVH FHQWURVRPH GLVORFDWLRQ WHQGHG WR RFFXU LQ ODWH 0SKDVH EHWZHHQ DQDSKDVH DQG
NDU\RNLQHVLVLQHPEU\RVZLWKUHGXFHG33$7ZV)LJXUH$%
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$V H[SHFWHG HPEU\RV FRPELQLQJ UHGXFWLRQV LQ3ROR DQG33$7ZV OHYHOV GLVSOD\HG D
VWURQJO\HOHYDWHGLQFLGHQFHRIFHQWURVRPHGHWDFKPHQWV(PEU\RVIURPPRWKHUVKHWHUR]\JRXVIRU
polo11DQGmtsXE-2258RIZKLFKDPLQRULW\ZHUHDEOHWRKDWFKLQWRODUYDH)LJXUH'VKRZHGD
KLJKIUHTXHQF\RIGHWDFKHGFHQWURVRPHVDWDQ\VWDJHRIWKHPLWRWLFF\FOHV)LJXUH$%
(PEU\RVIURPPRWKHUVKHWHUR]\JRXVIRUpolo11DQGtwsPZKLFKDOOIDLOHGWRKDWFK)LJXUH'
DERUWHGYHU\HDUO\GXULQJV\QF\WLDOGLYLVLRQVZLWKPRVWRUDOOFHQWURVRPHVGHWDFKHGDOUHDG\LQ
WKHILUVWIHZF\FOHV)LJXUH$7KHUHIRUH3RORDQG33$7ZVFROODERUDWHWRHQVXUHSURSHU
FHQWURVRPHFRKHVLRQWRQXFOHLDQGFHOOF\FOHSURJUHVVLRQGXULQJHDUO\HPEU\RJHQHVLV6LQFHWKH
FHQWURVRPHGHWDFKPHQWVWKDWRFFXUXSRQUHGXFWLRQLQ3RORIXQFWLRQDUHVHHQPRVWO\LQSURSKDVH
ZKLOH WKRVH WKDW RFFXU ZKHQ 33$7ZV LV UHGXFHG RFFXU PRVWO\ LQ ODWH 0SKDVH PDQ\
FHQWURVRPHV LQ GRXEOHPXWDQWVPD\QHYHU EH DEOH WR UHFRYHU WKHLU DWWDFKPHQW DQGGULIW DZD\
OHDGLQJ WR D IDLOXUH LQ QXFOHDU GLYLVLRQ )LJXUH & DV VHHQ LQ HPEU\RV IURP polo11-Scant
IHPDOHV>@

',6&866,21
,Q WKLV VWXG\ZH KDYH H[SORUHG WKH IXQFWLRQDO DQGPROHFXODU UHODWLRQVKLS EHWZHHQ WKH
3ROR DQG *ZO NLQDVHV 2XU SUHYLRXV VWXG\ SRLQWHG DW WKH LPSRUWDQFH RI SURSHU FRRUGLQDWLRQ
EHWZHHQWKHVHHQ]\PHVLQWKHHPEU\RQLFFHOOF\FOHVLQDrosophila>@2XUJHQHWLFVFUHHQKDV
OHDG WR WKH LGHQWLILFDWLRQ RI 33$7ZV DV D SRWHQW FROODERUDWRU ZLWK 3ROR LQ SURPRWLQJ WKH
FRKHVLRQ EHWZHHQ FHQWURVRPHV DQG QXFOHL0RUHRYHU RXU UHVXOWV DUH FRQVLVWHQW ZLWK DPRGHO
ZKHUH*UHDWZDOO DQWDJRQL]HV33$7ZV WRSURPRWH0SKDVH DQGZKHUH33$7ZVSURPRWHV
H[LW IURPPLWRVLVDQGPHLRVLV7KLVPRGHO LV VWURQJO\VXSSRUWHGE\ UHFHQWELRFKHPLFDO VWXGLHV
XVLQJWKHXenopusH[WUDFWV\VWHP

5HJXODWLRQRIPLWRVLVDQGFHQWURVRPHDWWDFKPHQWLQWKHUDSLGHPEU\RQLFFHOOF\FOHV
2XU UHVXOWV VKHG QHZ OLJKW RQ FHOO F\FOH UHJXODWLRQ DQG V\QF\WLDO HPEU\RJHQHVLV :H
FOHDUO\ VKRZ WKDW KLJK 3ROR DFWLYLW\ LV QHHGHG WR SURPRWH WKH QRUPDO FRKHVLRQ EHWZHHQ
FHQWURVRPHV DQG QXFOHL DQG WKLV LV PRVWO\ REVHUYDEOH DURXQG WKH WLPH RI PLWRWLF HQWU\
,QWHUHVWLQJO\WUDQVLHQWO\GHWDFKHGFHQWURVRPHVFDQEHUHFDSWXUHGE\WKHDVVHPEOLQJVSLQGOHDQG
QXFOHDU GLYLVLRQ FDQ WKHQ EH FRPSOHWHG 7KLV FHQWURVRPH UHFDSWXUH LV SUREDEO\ HVVHQWLDO IRU
VXFFHVVIXOGHYHORSPHQWRIWKHV\QF\WLDOHPEU\R2XUV\VWHPDWLFJHQHWLFVFUHHQXQYHLOHGDYHU\
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
VWURQJDQGVSHFLILFIXQFWLRQDOOLQNEHWZHHQ3RORDQGDVSHFLILFIRUPRI33$DVVRFLDWHGZLWKLWV
%W\SHVXEXQLW7ZV:HDOVRVKRZWKDW33$7ZVDFWLYLW\LVUHTXLUHGIRUFHQWURVRPHFRKHVLRQ
ZLWKQXFOHLDOWKRXJKLQODWH0SKDVHDURXQGWKHWLPHRIPLWRWLFH[LW7KLVLVFRQVLVWHQWZLWKD
UHFHQWVWXG\ZKHUHFHQWURVRPHGHIHFWVZHUHREVHUYHGLQODWH0SKDVHZKHQWKHVPDOO7DQWLJHQ
RI69ZKLFKELQGV33$ZDVH[SUHVVHGLQDrosophilaHPEU\RV>@33$%įKDVEHHQ
UHFHQWO\ LPSOLFDWHG LQ SURPRWLQJ PLWRWLF H[LW LQ YHUWHEUDWHV E\ LQDFWLYDWLQJ &GF& DQG E\
GLUHFWO\GHSKRVSKRU\ODWLQJ&GNPLWRWLFVXEVWUDWHV >@7KHFORVHO\UHODWHG LVRIRUP33$
%ĮKDVEHHQVKRZQWRSURPRWHWKHWLPHO\UHDVVHPEO\RIWKHQXFOHDUHQYHORSHDWPLWRWLFH[LW
>@ 7KXV WKH IDLOXUH WR UHDWWDFK FHQWURVRPHV WR QXFOHL GXULQJ PLWRWLF H[LW LQ 33$7ZV
FRPSURPLVHGHPEU\RVFRXOGEHGXHWRSUREOHPVRUDGHOD\LQQXFOHDUHQYHORSHUHVHDOLQJ
2XUUHVXOWVLQGLFDWHWKDWWKHSURSHUUHJXODWLRQRIWKHHYHQWVRIPLWRWLFHQWU\DQGH[LWE\
3RORDQG33$7ZVLVFUXFLDO7KLVPD\EHSDUWLFXODUO\WUXHLQWKHV\QF\WLDOHPEU\RGXHWRWKH
UDSLGLW\RIWKHF\FOHVZKHUHRQHPLWRVLVLVDOPRVWLPPHGLDWHO\IROORZHGE\DQRWKHUDQGEHFDXVH
RIWKHREOLJDWRU\FRKHVLRQEHWZHHQFHQWURVRPHVDQGQXFOHLIRUWKHLUPLJUDWLRQWRZDUGVWKHFRUWH[
RI WKH V\QF\WLXP &RPELQLQJ SDUWLDO GHFUHDVHV LQ WKH DFWLYLWLHV RI 3ROR DQG 7ZV VWURQJO\
HQKDQFHV WKH IUHTXHQF\ RI FHQWURVRPH GHWDFKPHQWV REVHUYHG )LJXUH  7KLV VXJJHVWV WKDW
ZKHQFHQWURVRPHVIDLOWRDWWDFKSURSHUO\IRUWRRORQJEHWZHHQPLWRWLFH[LWDQGWKHQH[WPLWRWLF
HQWU\ WKH\ EHFRPH SHUPDQHQWO\ GHWDFKHG IURP QXFOHL OHDGLQJ WR IDLOXUHV LQPLWRWLF GLYLVLRQV
)LJXUH&
7KH GLIIHUHQFHV LQ WLPLQJ EHWZHHQ WKH GHWDFKPHQWV REVHUYHG LQ polo DQG tws
K\SRPRUSKLF VLWXDWLRQV OHDG XV WR SURSRVH WKDW WKH WZR HQ]\PHV DFW LQ SDUDOOHO SDWKZD\V RI
ZKLFKWKHGLVUXSWLRQFDQOHDGWRDIDLOXUHLQFHQWURVRPHQXFOHXVFRKHVLRQ7KLVLVDOVRVXSSRUWHG
E\WKHSURPLQHQWUROHVRI3RORLQUHJXODWLQJFHQWURVRPHPDWXUDWLRQDQGPLWRWLFHQWU\>@DQGWKH
VSHFLILFUHTXLUHPHQWVRI33$7ZV%DWPLWRWLFH[LW+RZHYHUZHFDQQRWH[FOXGHWKDW3ROR
*ZODQG33$7ZVFRXOGIXQFWLRQRQDFRPPRQVXEVWUDWHRUHYHQLQWKHVDPHOLQHDUSDWKZD\
ZKHUH WKH GLIIHUHQW SOD\HUV RI WKH SDWKZD\ FRXOG EHFRPHPRUH RU OHVV LQIOXHQWLDO DW GLIIHUHQW
WLPHVRIWKHFHOOF\FOH,QKDVEHHQSURSRVHGWKDW33$SURPRWHVIXOOH[SUHVVLRQRI3RORLQODUYDO
QHXUREODVWVDQGLQ6FHOOV>@,WKDVDOVREHHQVKRZQWKDWGHSOHWLRQRI7ZVE\51$LOHDGVWR
FHQWURVRPHPDWXUDWLRQGHIHFWVLQ6FHOOV>@ZKLFKFRXOGEHH[SODLQHGE\DUHGXFWLRQLQ3ROR
OHYHOV+RZHYHUZH KDYH UHSHDWHGO\ IDLOHG WR GHWHFW D VLJQLILFDQW GLIIHUHQFH LQ 3ROR OHYHOV LQ
HPEU\RVIURPgwlScant/+ RUtws/+IHPDOHVFRPSDUHGWRZLOGW\SHFRQWUROVE\:HVWHUQEORWWLQJ
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
GDWDQRW VKRZQ'HHSHUJHQHWLFDQGPROHFXODUGLVVHFWLRQRI WKRVHSDWKZD\VVKRXOG OHDG WRD
FOHDUHUXQGHUVWDQGLQJRIWKHUHJXODWLRQRIFHQWURVRPHDQGQXFOHDUG\QDPLFVGXULQJPLWRWLFHQWU\
DQGH[LW

$FRQVHUYHGSDWKZD\FRQWUROV0SKDVHHQWU\DQGH[LW
2XU UHVXOWV DGG VWURQJ VXSSRUW WR DQ HPHUJLQJPRGHO IRU DSDWKZD\ WKDW FRQWUROV HQWU\
LQWR DQG H[LW IURPPLWRVLV DQGPHLRVLV LQ DQLPDO FHOOV ,W LV LQFUHDVLQJO\ FOHDU WKDW D IRUP RI
33$ DVVRFLDWHG ZLWK D %W\SH UHJXODWRU\ VXEXQLW SOD\V D FUXFLDO DQG FRQVHUYHG UROH LQ
FRPSHWLQJZLWK&GN,QXenopusHJJH[WUDFW33$%įDFWLYLW\LVKLJKLQLQWHUSKDVHDQGORZ
LQ0SKDVH>@33$%įPXVWEHGRZQUHJXODWHG WRDOORZPLWRWLFHQWU\DQGFRQYHUVHO\ LW
DSSHDUV WR SURPRWHPLWRWLF H[LW ERWK E\ LQDFWLYDWLQJ&GF& DQG E\ GHSKRVSKRU\ODWLQJ&GN
VXEVWUDWHV>@,QKXPDQFHOOVGHSOHWLRQLQ%ĮGHOD\VWKHHYHQWVRIPLWRWLFH[LWLQFOXGLQJ
QXFOHDU HQYHORSH UHDVVHPEO\ >@ $OUHDG\ VRPH \HDUV DJRPXWDWLRQV LQDrosophila tws ZHUH
IRXQGWR OHDG WRDPLWRWLFDUUHVW LQ ODUYDOQHXUREODVWV>@DQGH[WUDFWVIURP twsPXWDQWVZHUH
VKRZQ WR KDYH D UHGXFHG DELOLW\ WR GHSKRVSKRU\ODWH &GN VXEVWUDWHV >@ 0XWDWLRQV LQ mts 
UHVXOWHG LQ DQ DFFXPXODWLRQ RI QXFOHL LQ PLWRVLV LQ WKH HPEU\R >@ 7KH EXGGLQJ \HDVW QRZ
DSSHDUV WR EH D SDUWLFXODU FDVH DV LWV VWURQJ UHOLDQFH RQ WKH&GFSKRVSKDWDVH WR DQWDJRQL]H
&GNPD\ UHIOHFW WKHQHHG IRU LQVHUWLRQRI WKHDQDSKDVH VSLQGOH WKURXJK WKHEXGQHFNSULRU WR
PLWRWLF H[LW >@ D FRQVWUDLQW WKDW GRHV QRW H[LVW LQ DQLPDO FHOOV 1HYHUWKHOHVV DGGLWLRQDO
SKRVSKDWDVHVWR33$LQFOXGLQJ33DUHOLNHO\WRSOD\FRQVHUYHGUROHVLQSURPRWLQJPLWRWLFDQG
PHLRWLFH[LWDQGWKLVUHPDLQVWREHGLVVHFWHG
2XULGHQWLILFDWLRQRI33$JHQHVDVIXQFWLRQDOLQWHUDFWRUVRIpoloDQGgwlLVWKHUHVXOWRI
DQ XQELDVHG JHQHWLF VFUHHQ :H IRXQG WKDW DQ HOHYDWLRQ LQ *ZO IXQFWLRQ FRPELQHG ZLWK D
UHGXFWLRQLQ33$7ZVDFWLYLW\OHDGVWRDEORFNLQ0SKDVHHLWKHULQPHWDSKDVHRIPHLRVLV,RU
LQWKHHDUO\PLWRWLFF\FOHV+RZHYHURXUSRVLWLRQLQJRI*ZODVDQDQWDJRQLVWRI33$7ZVZDV
IDFLOLWDWHGE\UHSRUWVWKDWDSSHDUHGVXEVHTXHQWWRRXUVFUHHQSURSRVLQJWKDWWKHPDLQUROHRI*ZO
LQ SURPRWLQJ0SKDVHZDV WR OHDG WR WKH LQDFWLYDWLRQ RI 33$%į LQ Xenopus HJJ H[WUDFWV
>@5HVXOWVFRQVLVWHQWZLWKWKLVLGHDZHUHDOVRREWDLQHGLQPDPPDOLDQFHOOV>@
0RUHUHFHQWO\WZRVHPLQDOELRFKHPLFDOVWXGLHVXVLQJXenopusHJJH[WUDFWVVKRZHGWKDW
WKHDQWDJRQLVPRI33$%įE\*ZOLVPHGLDWHGE\ĮHQGRVXOILQH(QVDDQG$USSWZRVPDOO
UHODWHGSURWHLQVZKLFKZKHQSKRVSKRU\ODWHGE\*ZODWDFRQVHUYHGVHULQHUHVLGXHEHFRPHDEOH
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WRELQGDQGLQKLELW33$%į>@%\WKLVPHFKDQLVP*ZODFWLYDWLRQDWPLWRWLFHQWU\OHDGV
WRWKHLQKLELWLRQRI33$%įZKLFKUHVXOWVLQDQDFFXPXODWLRQRIWKHSKRVSKRU\ODWHGIRUPVRI
&GNVXEVWUDWHV'HSOHWLRQRIKXPDQ$USSDOVRSHUWXUEVPLWRWLFSURJUHVVLRQLQ+HODFHOOV>@
VXJJHVWLQJDFRQVHUYHGUROHDPRQJYHUWHEUDWHV
,QDQLQGHSHQGHQWVWXG\WKHJURXSRI'DYLG*ORYHUKDVUHFHQWO\LGHQWLILHGPXWDWLRQVLQ
Drosophila endosulfine endos DV SRWHQW VXSSUHVVRUV RI WKH HPEU\RQLF OHWKDOLW\ WKDW RFFXUV
ZKHQgwlScant WKH JDLQRIIXQFWLRQ DOOHOH LV FRPELQHGZLWK D UHGXFWLRQ LQpolo IXQFWLRQ LQ D
PDWHUQDOHIIHFWVHHDFFRPSDQ\LQJSDSHUE\5DQJRQHHWDO>@endosLVWKHVLQJOHIO\RUWKRORJ
RIXenopusĮHQGRVXOILQHDQG$USS7KDW WKHLGHQWLILFDWLRQRIendosE\5DQJRQHHWDOFDPH
IURP DQRWKHU XQELDVHG JHQHWLF VFUHHQ WHVWLILHV RI WKH VSHFLILFLW\ DQG FRQVHUYDWLRQ RI WKH*ZO
(QGRV33$ SDWKZD\ LQ DQLPDO FHOOV 7KH DXWKRUV ZHQW DV IDU DV VKRZLQJ WKDW WKH FULWLFDO
SKRVSKRU\ODWLRQVLWHRI*ZOLQ(QGRVLVFRQVHUYHGEHWZHHQIURJVDQGIOLHVDQGLVFULWLFDOIRUWKH
IXQFWLRQ RI (QGRV LQ DQWDJRQL]LQJ 33$7ZV LQ FXOWXUHG FHOOV 7KHVH ILQGLQJV DUH FRQVLVWHQW
ZLWKDSUHYLRXVUHSRUWVKRZLQJWKDWPXWDWLRQVLQendos OHDGWRDIDLOXUHRIRRF\WHVWRSURJUHVV
LQWRPHLRVLVXQWLOPHWDSKDVH, >@0RUHRYHU ORVVRI*ZOVSHFLILFDOO\ LQ WKHIHPDOHJHUPOLQH
DOVR OHDGV WRPHLRWLF IDLOXUH DOWKRXJK LQ WKDW FDVH RRF\WHV GR UHDFKPHWDSKDVH , EXW H[LW WKH
DUUHVW DEHUUDQWO\ >@ $OWKRXJK WKH PHDQLQJ RI WKRVH SKHQRW\SLF GLIIHUHQFHV LV QRW \HW
XQGHUVWRRG*ZODQG(QGRVDUHERWKUHTXLUHGIRUPHLRWLFSURJUHVVLRQLQDrosophila&RQYHUVHO\
ZHVKRZKHUHWKDWH[FHVVLYH*ZODFWLYLW\UHODWLYHWR33$7ZVSUHYHQWVH[LWIURPWKHPHWDSKDVH
,DUUHVWVXJJHVWLQJWKDWWKHLQKLELWLRQRI33$7ZVE\*ZODQG(QGRVPXVWEHUHOLHYHGWRDOORZ
FRPSOHWLRQRIPHLRVLV0RUHRYHU5DQJRQHHWDOVKRZWKDWWKH(QGRVSDWKZD\DOVRUHJXODWHVWKH
PLWRWLFFHOOF\FOHLQWKHHDUO\HPEU\RLQODUYDOQHXUREODVWVDQGLQFXOWXUHGFHOOV>@
7RJHWKHUWKHV\VWHPDWLFDQGXQELDVHGLGHQWLILFDWLRQVRIPXWDWLRQVLQ33$7ZVVXEXQLW
JHQHVDVHQKDQFHUVWKLVSDSHUDQGRIPXWDWLRQVLQendosDVVXSSUHVVRUV>@RIgwlScantSURYLGH
VWURQJHYLGHQFH IRUDSDWKZD\FRQQHFWLQJ WKHVHJHQHV WRFRQWURO0SKDVH LQ IOLHV2XU VWXGLHV
SURYLGH D FRQYLQFLQJ JHQHWLF DQG IXQFWLRQDO YDOLGDWLRQ RI WKH UHFHQW ELRFKHPLFDO UHVXOWV IURP
XenopusH[WUDFWVDQGVKRZWKDWWKH*ZO(QGRV33$7ZV%SDWKZD\LVFRQVHUYHGDQGSOD\V
DNH\UROHLQUHJXODWLQJERWKPHLRVLVDQGPLWRVLVLQDOLYLQJDQLPDO



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0$7(5,$/6	0(7+2'6
 Fly husbandry, genetic screen and fertility tests 
)OLHV ZHUH NHSW DW & RQ VWDQGDUG IRRG 7KH ZLOGW\SH VWUDLQ XVHGZDV 2UHJRQ 5 )RU WKH
JHQHWLFVFUHHQWKH'URV'HO&RUHGHOHWLRQNLW>@REWDLQHGIURP-RKQ5RRWH&DPEULGJH8.
ZDVXVHGDQGXQFRYHUHGDSSUR[LPDWHO\RIWKHJHQRPHZLWKGHILFLHQFLHV)RUIHUWLOLW\
WHVWVWRZHOOIHGWRGD\VROGYLUJLQIHPDOHVZHUHJLYHQWR2UHJRQ5PDOHVSHUWXEH
DQGDOORZHGWRPDWHIRURQHGD\)OLHVZHUHWKHQWUDQVIHUUHGRQJUDSHMXLFHFRQWDLQLQJDJDUDQG
\HDVW$IWHURQHGD\IOLHVZHUHUHPRYHGXVXDOO\WUDQVIHUUHGWRDQHZWXEH%HWZHHQDQG
KRXUVODWHUWKHSHUFHQWDJHRIKDWFKHGHPEU\RVZDVFRXQWHG$WOHDVWHPEU\RVZHUHFRXQWHG
polo11gwlScantDQGgwlSr18DOOHOHVZHUHSUHYLRXVO\SXEOLVKHG>@twsP twsJ11C8 and twsaar-1 
ZHUH IURP 'DYLG *ORYHU mtsXE-2258 Pp2A-29BEP2332 PP2A-B'A131 DQG wdb07 ZHUH IURP
%ORRPLQJWRQ VWRFN FHQWHU GFP-D-TACC DQGH2A-RFP VWRFNV ZHUH NLQGO\ SURYLGHG E\ 3DW
2¶)DUUHOO DQG -RUGDQ5DIIUASp-GWL-MYC DQGUASp-GWL-KD-MYC .5 H[SUHVVHG WKH
ORQJVSOLFHYDULDQWRI*ZODQGZHUHPDGHLQS3:0Drosophila*HQRPLFV5HVRXUFH&HQWHU
7UDQVJHQLFIOLHVZHUHJHQHUDWHGXVLQJWKH3HOHPHQWEDVHGPHWKRGE\%HVW*HQH,QF&KLQR+LOOV
&$86$UASp-GWLIOLHVZHUHUHSRUWHGSUHYLRXVO\>@2YHUH[SUHVVLRQLQWKHHDUO\HPEU\R
ZDVGULYHQE\PDWHUQDOĮ7XEXOLQ*DOZKLFKZDVREWDLQHGIURP$GHODLGH&DUSHQWHU

 Immunofluorescence and confocal microscopy 
)RU LPPXQRIOXRUHVFHQFH HPEU\RVZHUH FROOHFWHG RQ JUDSH MXLFH DJDU DQG GHFKRULRQDWHG DQG
IL[HGDVGHVFULEHG>@$QWLERGLHVXVHGIRUVWDLQLQJVDUHĮ7XEXOLQ</6HURWHFȖ
7XEXOLQ *78  6LJPD DQG ODPLQ %/DPLQ 'P  'HYHORSPHQWDO 6WXGLHV
+\EULGRPD %DQN 6HFRQGDU\ DQWLERGLHV ZHUH FRXSOHG WR $OH[D  ,QYLWURJHQ RU
7H[DVUHG,QYLWURJHQ'1$ZDVPDUNHGZLWK'$3,,PDJHVZHUHDFTXLUHGRQD/DVHU
VFDQQLQJFRQIRFDOPLFURVFRSH/600HWD=HLVVXVLQJD;RLOREMHFWLYH

Time-lapse microscopy 
(PEU\RV IURP WT RU polo11/+ IHPDOHV DQG H[SUHVVLQJ GFP-D-TACC DQG H2A-RFP ZHUH
GHFKRULRQDWHG DQG LPDJHG RQ D 6ZHSW)LHOG FRQIRFDOPLFURVFRSH 1LNRQ(FOLSVH7L XVLQJ D
;RLOREMHFWLYH

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Chemical inhibition of Polo 
&KHPLFDOWUHDWPHQWVRIHPEU\RVXVHGDSURWRFROPRGLILHGIURP6LERQHWDO>@(PEU\RVZHUH
GHFKRULRQDWHGDQGLQFXEDWHGIRUPLQLQDPL[WXUHRI([SUHVV)LYHDrosophilaFHOOFXOWXUH
PHGLXP,QYLWURJHQDQGKHSWDQHZLWKȝ0RI%,IURPD'062VWRFNVROXWLRQRU'062
DORQH

$&.12:/('*0(176
:HWKDQN'DYLG0*ORYHULQZKRVHODEWKLVZRUNZDVVWDUWHG:HDUHDOVRJUDWHIXOWR$GHODLGH
&DUSHQWHU3DW2¶)DUUHOODQG-RUGDQ5DIIIRUIO\VWRFNVDQG$QD5RTXHIRUWHFKQLFDODVVLVWDQFH
:HDUHJUDWHIXO WR&KULVWLDQ&KDUERQQHDXDQG3DXO0DGGR[IRUKHOSZLWKWKHPLFURVFRS\:H
WKDQN0DUF7KHUULHQ6pEDVWLHQ&DUUpQRDQG-HDQ&ODXGH/DEEpRI ,5,& IRUFRPPHQWVRQ WKH
PDQXVFULSW

5()(5(1&(6
0RUJDQ'27KH&HOO&\FOH3ULQFLSOHVRI&RQWURO/RQGRQ1HZ6FLHQFH3UHVVS
$UFKDPEDXOW9*ORYHU'0 3ROROLNH NLQDVHV FRQVHUYDWLRQ DQG GLYHUJHQFH LQ WKHLU
IXQFWLRQVDQGUHJXODWLRQ1DW5HY0RO&HOO%LRO
 &DUPHQD 0 5XFKDXG 6 (DUQVKDZ :&  0DNLQJ WKH $XURUDV JORZ UHJXODWLRQ RI
$XURUD$DQG%NLQDVHIXQFWLRQE\LQWHUDFWLQJSURWHLQV&XUU2SLQ&HOO%LRO
%ORRP-&URVV)50XOWLSOHOHYHOVRIF\FOLQVSHFLILFLW\LQFHOOF\FOHFRQWURO1DW5HY
0RO&HOO%LRO
7ULQNOH0XOFDK\//DPRQG$,0LWRWLFSKRVSKDWDVHVQRORQJHUVLOHQWSDUWQHUV&XUU
2SLQ&HOO%LRO
'H:XOI30RQWDQL)9LVLQWLQ5 3URWHLQSKRVSKDWDVHV WDNH WKHPLWRWLF VWDJH&XUU
2SLQ&HOO%LRO
6WHJPHLHU)$PRQ$&ORVLQJPLWRVLVWKHIXQFWLRQVRIWKH&GFSKRVSKDWDVHDQGLWV
UHJXODWLRQ$QQX5HY*HQHW
6FKPLW]0++HOG0 -DQVVHQV9+XWFKLQV -5+XGHF]2HWDO /LYHFHOO LPDJLQJ
51$LVFUHHQLGHQWLILHV33$%DOSKDDQGLPSRUWLQEHWDDVNH\PLWRWLFH[LWUHJXODWRUV
LQKXPDQFHOOV1DW&HOO%LRO
0RFKLGD6,NHR6*DQQRQ-+XQW75HJXODWHGDFWLYLW\RI33$%GHOWDLVFUXFLDO
IRU FRQWUROOLQJ HQWU\ LQWR DQG H[LW IURPPLWRVLV LQXenopus HJJ H[WUDFWV (PER - 

)RH9(2GHOO*0(GJDU%$0LWRVLVDQGPRUSKRJHQHVLVLQWKH'URVRSKLODHPEU\R
SRLQWDQGFRXQWHUSRLQW,Q0%DWHDQG$0DUWLQH]$ULDV(GLWRUVThe Development of 
Drosophila melanogaster&ROG6SULQJ+DUERU/DERUDWRU\3UHVV1HZ<RUNS
%DNHU-7KHXUNDXI:(6FKXELJHU*'\QDPLFFKDQJHVLQPLFURWXEXOHFRQILJXUDWLRQ
FRUUHODWHZLWKQXFOHDUPLJUDWLRQLQWKHSUHEODVWRGHUP'URVRSKLODHPEU\R-&HOO%LRO

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+LUDRND<$JDUG'$6HGDW-:7HPSRUDODQGVSDWLDOFRRUGLQDWLRQRIFKURPRVRPH
PRYHPHQWVSLQGOHIRUPDWLRQDQGQXFOHDUHQYHORSHEUHDNGRZQGXULQJSURPHWDSKDVHLQ
'URVRSKLODPHODQRJDVWHUHPEU\RV-&HOO%LRO
 6WDIVWURP -3 6WDHKHOLQ/$ '\QDPLFV RI WKH QXFOHDU HQYHORSH DQG RI QXFOHDU SRUH
FRPSOH[HVGXULQJPLWRVLVLQWKH'URVRSKLODHPEU\R(XU-&HOO%LRO
5RWKZHOO:)6XOOLYDQ:7KHFHQWURVRPHLQHDUO\'URVRSKLODHPEU\RJHQHVLV&XUU
7RS'HY%LRO
 5RGULJXHV0DUWLQV $ 5LSDUEHOOL 0 &DOODLQL * *ORYHU '0 %HWWHQFRXUW'LDV 0 
)URPFHQWULROHELRJHQHVLVWRFHOOXODUIXQFWLRQFHQWULROHVDUHHVVHQWLDOIRUFHOOGLYLVLRQDW
FULWLFDOGHYHORSPHQWDOVWDJHV&HOO&\FOH
%DVWR5/DX-9LQRJUDGRYD7*DUGLRO$:RRGV&*HWDO)OLHVZLWKRXWFHQWULROHV
&HOO
 6XQNHO&(*ORYHU'0  SROR DPLWRWLFPXWDQW RI'URVRSKLOD GLVSOD\LQJ DEQRUPDO
VSLQGOHSROHV-&HOO6FL3W
3HWURQF]NL0/HQDUW33HWHUV-03RORRQWKH5LVHIURP0LWRWLF(QWU\WR&\WRNLQHVLV
ZLWK3ON'HY&HOO
 .XPDJDL $ 'XQSK\ :*  3XULILFDWLRQ DQG PROHFXODU FORQLQJ RI 3O[ D &GF
UHJXODWRU\NLQDVHIURP;HQRSXVHJJH[WUDFWV6FLHQFH
YDQ9XJW0$0HGHPD5+ *HWWLQJ LQ DQGRXWRIPLWRVLVZLWK3ROROLNHNLQDVH
2QFRJHQH
0DUJDOLW$9OFHN6*UXHQEDXP<)RLVQHU5%UHDNLQJDQGPDNLQJRIWKHQXFOHDU
HQYHORSH-&HOO%LRFKHP
 /LQGTYLVW $ 5RGULJXH]%UDYR 9 0HGHPD 5+  7KH GHFLVLRQ WR HQWHU PLWRVLV
IHHGEDFNDQGUHGXQGDQF\LQWKHPLWRWLFHQWU\QHWZRUN-&HOO%LRO
$UFKDPEDXOW9=KDR;:KLWH&RRSHU+&DUSHQWHU$7*ORYHU'00XWDWLRQVLQ
'URVRSKLOD*UHDWZDOO6FDQW5HYHDO,WV5ROHVLQ0LWRVLVDQG0HLRVLVDQG,QWHUGHSHQGHQFH
ZLWK3ROR.LQDVH3/R6*HQHWH
<X-)OHPLQJ6/:LOOLDPV%:LOOLDPV(9/L=HWDO*UHDWZDOONLQDVHDQXFOHDU
SURWHLQ UHTXLUHG IRU SURSHU FKURPRVRPH FRQGHQVDWLRQ DQG PLWRWLF SURJUHVVLRQ LQ
'URVRSKLOD-&HOO%LRO
<X-=KDR</L=*DODV6*ROGEHUJ0/*UHDWZDOONLQDVHSDUWLFLSDWHVLQWKH&GF
DXWRUHJXODWRU\ORRSLQ;HQRSXVHJJH[WUDFWV0RO&HOO
 %XUJHVV $ 9LJQHURQ 6 %ULRXGHV ( /DEEH -& /RUFD 7 HW DO  /RVV RI KXPDQ
*UHDWZDOO UHVXOWV LQ * DUUHVW DQG PXOWLSOH PLWRWLF GHIHFWV GXH WR GHUHJXODWLRQ RI WKH
F\FOLQ%&GF33$EDODQFH3URF1DWO$FDG6FL86$
9RHWV (:ROWKXLV50 0$67/ LV WKH KXPDQ RUWKRORJXH RI*UHDWZDOO NLQDVH WKDW
IDFLOLWDWHVPLWRWLFHQWU\DQDSKDVHDQGF\WRNLQHVLV&HOO&\FOH
 $UFKDPEDXOW 9 3LQVRQ ;  )UHH FHQWURVRPHV ZKHUH GR WKH\ DOO FRPH IURP" )O\
$XVWLQ
 6LERQ 2& .HONDU $ /HPVWUD: 7KHXUNDXI:(  '1$UHSOLFDWLRQ'1$GDPDJH
GHSHQGHQWFHQWURVRPHLQDFWLYDWLRQLQ'URVRSKLODHPEU\RV1DW&HOO%LRO
 7DNDGD 6 .HONDU $ 7KHXUNDXI :(  'URVRSKLOD FKHFNSRLQW NLQDVH  FRXSOHV
FHQWURVRPHIXQFWLRQDQGVSLQGOHDVVHPEO\WRJHQRPLFLQWHJULW\&HOO
$UFKDPEDXOW9'
$YLQR33'HHU\0-/LOOH\.6*ORYHU'06HTXHVWUDWLRQRI3ROR
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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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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3XEOLFDWLRQ
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&HOO&\FOH5HJXODWLRQRI*UHDWZDOO.LQDVH1XFOHDU/RFDOL]DWLRQ
)DFLOLWDWHV0LWRWLF3URJUHVVLRQ
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
$UWLFOHSXEOLVKHG LQ WKH-RXUQDORI&HOO%LRORJ\-XO

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&HOO&\FOH5HJXODWLRQRI*UHDWZDOO.LQDVH1XFOHDU/RFDOL]DWLRQ)DFLOLWDWHV0LWRWLF
3URJUHVVLRQ

3HQJ:DQJ-DFRE$*DODQ.DULQH1RUPDQGLQeULF%RQQHLO*LOOHV5+LFNVRQ
3KLOLSSH35RX[3LHUUH7KLEDXOW	9LQFHQW$UFKDPEDXOW
,QVWLWXWGHUHFKHUFKHHQLPPXQRORJLHHWHQFDQFpURORJLH'HSDUWPHQWRI%LRFKHPLVWU\
'HSDUWPHQWRI3DWKRORJ\DQG&HOO%LRORJ\&HQWUHGHUHFKHUFKH&+86WH-XVWLQH'HSDUWPHQW
RI&KHPLVWU\
8QLYHUVLWpGH0RQWUpDO0RQWUpDO4XpEHF+&-&DQDGD
&RUUHVSRQGLQJDXWKRU
9LQFHQW$UFKDPEDXOW
,QVWLWXWGHUHFKHUFKHHQLPPXQRORJLHHWHQFDQFpURORJLH
8QLYHUVLWpGH0RQWUpDO
&36XFFXUVDOOH&HQWUH9LOOH+&-
0RQWUpDO4F&DQDGD
9LQFHQW$UFKDPEDXOW
7HO
)D[
5XQQLQJWLWOH6SDWLDO5HJXODWLRQRI*UHDWZDOO
H72&6XPPDU\6WDWHPHQW±6XJJHVWHGE\DXWKRUVGLIIHUHQWIURPWKHRQHVXJJHVWHGE\HGLWRUV

*UHDWZDOONLQDVHUHORFDWLRQIURPWKHQXFOHXVWRWKHF\WRSODVPLVUHTXLUHGDWPLWRWLFHQWU\DQGLV
PHGLDWHGE\DSKRVSKRU\ODWLRQGHSHQGHQWPHFKDQLVPWDUJHWLQJLWVFHQWUDOUHJLRQ

.H\ZRUGV0LWRVLV&HOOF\FOH*UHDWZDOO.LQDVHDrosophila
1XPEHURIFKDUDFWHUV
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$%675$&7
&HOO GLYLVLRQ UHTXLUHV WKH FRRUGLQDWLRQ RI FULWLFDO SURWHLQ NLQDVHV DQG SKRVSKDWDVHV*UHDWZDOO
*ZONLQDVHDFWLYLW\ LQDFWLYDWHV33$%DWPLWRWLFHQWU\ WRSURPRWH WKHSKRVSKRU\ODWLRQRI
F\FOLQ %&GN VXEVWUDWHV EXW KRZ*ZO LV UHJXODWHG LV SRRUO\ XQGHUVWRRG:H IRXQG WKDW WKH
VXEFHOOXODU ORFDOL]DWLRQRI*ZOFKDQJHGGUDPDWLFDOO\GXULQJ WKHFHOO F\FOH LQDrosophila*ZO
WUDQVORFDWHG IURP WKHQXFOHXV WR WKHF\WRSODVP LQSURSKDVH:H LGHQWLILHG WZRFULWLFDOQXFOHDU
ORFDOL]DWLRQVLJQDOV LQ WKHFHQWUDOSRRUO\FKDUDFWHUL]HG UHJLRQRI*ZO WKDW DUH UHTXLUHG IRU LWV
IXQFWLRQ7KH3RORNLQDVHDVVRFLDWHGZLWKDQGSKRVSKRU\ODWHG*ZOLQWKLVUHJLRQSURPRWLQJLWV
ELQGLQJ WR İ DQG LWV ORFDOL]DWLRQ WR WKH F\WRSODVP LQ SURSKDVH2XU UHVXOWV VXJJHVW WKDW
F\FOLQ%&GN SKRVSKRU\ODWLRQ RI*ZO LV DOVR UHTXLUHG IRU LWV QXFOHDU H[FOXVLRQ E\ D GLVWLQFW
PHFKDQLVP:HVKRZWKDWWKHQXFOHRF\WRSODVPLFUHJXODWLRQRI*ZOLVHVVHQWLDOIRULWVIXQFWLRQV
in vivoDQGSURSRVHWKDWWKHVSDWLDOUHJXODWLRQRI*ZODWPLWRWLFHQWU\FRQWULEXWHVWRWKHPLWRWLF
VZLWFK
,1752'8&7,21
 7KH PROHFXODU HYHQWV GULYLQJ WKH FHOO F\FOH DUH UHJXODWHG E\ D FRPSOH[ QHWZRUN RI
NLQDVHV DQGSKRVSKDWDVHVZLWK F\FOLFDOO\ RUGHUHG DQG VSHFLILF DFWLYLWLHV7KH F\FOLQGHSHQGHQW
NLQDVH  &GN LQ FRPSOH[ ZLWK F\FOLQ % WULJJHUV PLWRVLV E\ SURPRWLQJ QXFOHDU HQYHORSH
EUHDNGRZQFKURPRVRPHFRQGHQVDWLRQDQGVSLQGOHDVVHPEO\>@0DQ\HIIHFWRUDQGUHJXODWRU\
SURWHLQVRIPLWRVLVDUHWDUJHWVRIF\FOLQ%&GNDQGWKHLUSKRVSKRU\ODWLRQPXVWEHUHYHUVHGWR
DOORZ PLWRWLF H[LW 7KLV GHSKRVSKRU\ODWLRQ LV WKRXJKW WR EH ODUJHO\ DFKLHYHG E\ 3URWHLQ
3KRVSKDWDVH $ 33$ LQ FRPSOH[ ZLWK LWV %W\SH UHJXODWRU\ VXEXQLWV NQRZQ DV % LQ
YHUWHEUDWHVDQG7ZLQV7ZVLQDrosophila>@,QDGGLWLRQWR&GNVHYHUDORWKHUNLQDVHVDUH
UHTXLUHGWRFRRUGLQDWHWKHHYHQWVRIPLWRVLVDQGF\WRNLQHVLV7KHVHLQFOXGHPHPEHUVRIWKH3ROR
OLNHNLQDVHDQG$XURUDNLQDVHIDPLOLHV>@
*UHDWZDOO *ZO0$67/LQKXPDQVZDVILUVWGLVFRYHUHGLQDrosophilaDVDQHVVHQWLDO
PLWRWLF NLQDVH >@gwlPXWDQWV VKRZGHOD\V LQ FKURPRVRPH FRQGHQVDWLRQ DQG FKURPRVRPH
VHJUHJDWLRQGHIHFWVLQODUYDOQHXUREODVWVDQGVLPLODUSKHQRW\SHVZHUHREVHUYHGLQ*ZOGHSOHWHG
6FHOOV >@*ZOZDV WKHQVKRZHG WREHHVVHQWLDO IRUPLWRVLVE\ LWVSDUWLFLSDWLRQ LQ WKH
SRVLWLYHIHHGEDFNORRSOHDGLQJWRIXOOF\FOLQ%&GNDFWLYDWLRQLQXenopusH[WUDFWV>@6WURQJ
HYLGHQFHQRZLQGLFDWHVWKDW*ZODQWDJRQL]HV33$%LQLWVDELOLW\ WRGHSKRVSKRU\ODWH&GN
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VXEVWUDWHVLQIURJVIOLHVDQGKXPDQV>@7KLVIXQFWLRQRI*ZOZDVVKRZQWREHPHGLDWHGE\
WKH HQGRVXOILQH DQG $USS KRPRORJRXV SURWHLQV LQ YHUWHEUDWHV DQG E\ WKHLU VROH RUWKRORJ
(QGRV LQDrosophila ,QXenopus H[WUDFW WKHVHSURWHLQVDUHSKRVSKRU\ODWHGE\*ZODWPLWRWLF
HQWU\WREHFRPHLQKLELWRUVRI33$%įWKHUHE\SURPRWLQJWKHSKRVSKRU\ODWHGVWDWHRI&GN
VXEVWUDWHV>@,QDrosophilaPXWDWLRQVLQendosUHVFXHPDWHUQDOHIIHFWHPEU\RQLFGHIHFWV
LQGXFHGE\DJDLQRI*ZOIXQFWLRQDQG*ZOUHJXODWHV(QGRVDWDVLWHFRQVHUYHGZLWKXenopus
HQGRVXOILQH DQG $USS >@ 7KHUHIRUH WKH *ZO(QGRV33$%7ZV SDWKZD\ DSSHDUV
VWURQJO\FRQVHUYHG>@
7KH FXUUHQW PRGHO SUHGLFWV WKDW LQ RUGHU WR PHGLDWH WKH UHJXODWLRQ LQ 33$%7ZV
DFWLYLW\ WKURXJK 0SKDVH *ZO DQGRU (QGRV PXVW EH DFWLYH DW PLWRWLF HQWU\ DQG LQDFWLYH DW
PLWRWLFH[LW7KHPROHFXODUPHFKDQLVPVRI WKLVUHJXODWLRQDUHXQFOHDU*ZOKDVEHHQVKRZQWR
EHFRPHDFWLYDWHGDQGK\SHUSKRVSKRU\ODWHGDWPLWRWLFHQWU\LQXenopusH[WUDFWV>@5HFHQWO\
WKHNLQDVHDFWLYLW\RI*ZOKDVEHHQSURSRVHGWREHUHJXODWHGE\DQRQFDQRQLFDOPHFKDQLVPIRU
WKH $*& IDPLO\ RI NLQDVHV WR ZKLFK LW EHORQJV 7KLV PHFKDQLVP LV WKRXJKW WR UHTXLUH WKH
SKRVSKRU\ODWLRQ RI *ZO LQ LWV &WHUPLQDO WDLOOLQNHU VLWH DQG ELQGLQJ RI DQRWKHU NLQDVH WR D
K\GURSKRELFPRWLI LQ WKH1WHUPLQDO OREHRI*ZO >@$QRWKHU VWXG\ LQXenopus LGHQWLILHG
SKRVSKRU\ODWLRQ VLWHV LQ *ZO WKDW FDQ LQFUHDVH LWV DFWLYLW\ >@ 7KH LGHQWLW\ RI WKH NLQDVHV
DFWLYDWLQJ*ZOin vivoLVXQFHUWDLQEXWVWURQJHYLGHQFHLPSOLFDWHVF\FOLQ%&GNDQG*ZOLWVHOI
LQWKLVSURFHVV>@3O[Xenopus3RORKDVEHHQVKRZQWRSKRVSKRU\ODWH*ZO>
@ LQXenopus H[WUDFWVDQG WKLVKDVEHHQSURSRVHG WRKHOS*ZOGULYH UHHQWU\ LQWRPLWRVLV LQ
UHFRYHU\ IURP'1$GDPDJH >@+RZHYHURQO\YHU\PRGHVWDFWLYDWLRQRI*ZOZDVGHWHFWHG
XSRQ LWV SKRVSKRU\ODWLRQ E\ 3ROR DQG D UHFHQW VWXG\ IDLOHG WR GHWHFW DQ\ HIIHFW RI 3ROR
SKRVSKRU\ODWLRQ RQ*ZO DFWLYLW\ in vitro >@7RZKDW H[WHQW VSHFLILF SKRVSKRU\ODWLRQ HYHQWV
FRQWULEXWH WR UHJXODWH *ZO DFWLYLW\ in vivo DQG ZKHWKHU RWKHU PHFKDQLVPV FRPH LQWR SOD\ WR
UHJXODWH*ZO IXQFWLRQ LV XQNQRZQ ,Q WKLV UHJDUG*ZO SRVVHVVHV DQ LQWULJXLQJ XQLTXHO\ ORQJ
SURWHLQVHJPHQWin lieu RID7ORRSZLWKLQWKHNLQDVHGRPDLQ>@$Q\VHJPHQWRIWKLVUHJLRQFDQ
EH GHOHWHGZLWK OLWWOH HIIHFW RQ NLQDVH DFWLYLW\ in vitro >@ 7KH UROH RI *ZO¶V FHQWUDO UHJLRQ
UHPDLQVFRPSOHWHO\XQNQRZQ
+HUHZHKDYHH[SORUHGKRZ*ZOLVUHJXODWHGDWWKHOHYHORILWVVXEFHOOXODUORFDOL]DWLRQLQ
Drosophila:HVKRZWKDW*ZOLVVWURQJO\QXFOHDULQLQWHUSKDVHEXWEHFRPHVF\WRSODVPLFDQG
H[FOXGHGIURPWKHQXFOHXVMXVWSULRUWRPLWRVLV:HIRXQGWKDW*ZO¶VFHQWUDOUHJLRQFRQWDLQVWZR
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QXFOHDU ORFDOL]DWLRQ VLJQDOV 1/6V UHTXLUHG IRU WKH QXFOHDU WDUJHWLQJ RI*ZO0RUHRYHU 3ROR
DVVRFLDWHV ZLWK DQG SKRVSKRU\ODWHV *ZO LQ WKH VDPH UHJLRQ 2XU UHVXOWV VXJJHVW WKDW 3ROR
SKRVSKRU\ODWLRQRI*ZODOORZVLWVELQGLQJWRİZKLFKSURPRWHVWKHUHORFDOL]DWLRQRI*ZO
WRWKHF\WRSODVPZKHUH33$7ZVLVODUJHO\ORFDOL]HG&GNVLWHVLQWKHFHQWUDOUHJLRQRI*ZO
DUHDOVRUHTXLUHGIRU LWVHIILFLHQWQXFOHDUH[FOXVLRQLQSURSKDVH,PSRUWDQWO\ZHVKRZWKDW WKLV
VSDWLDOUHJXODWLRQRI*ZOLVHVVHQWLDOin vivoDQGLVUHTXLUHGIRUQRUPDOPLWRWLFSURJUHVVLRQ

5(68/76
7KHORFDOL]DWLRQRI*ZOLVFHOOF\FOHUHJXODWHG
$WWKHWLPHRILWVLGHQWLILFDWLRQDVDPLWRWLFNLQDVH*ZOZDVIRXQGWREHDQXFOHDUSURWHLQ
LQ LQWHUSKDVH >@ +RZHYHU KRZ *ZO FKDQJHV ORFDOL]DWLRQ WKURXJK WKH FHOO F\FOH ZDV QRW
LQYHVWLJDWHG:HH[DPLQHG WKH ORFDOL]DWLRQRI*ZO LQDrosophila HDUO\HPEU\RVZKHUHQXFOHL
GLYLGH UDSLGO\ LQ D V\QF\WLXP %\ LPPXQRIOXRUHVFHQFH ZH IRXQG WKDW *ZO LV QXFOHDU GXULQJ
LQWHUSKDVHEXWEHFRPHVPRVWO\F\WRSODVPLFLQSURSKDVHDSSHDULQJH[FOXGHGIURPQXFOHLEHIRUH
QXFOHDU HQYHORSH IHQHVWUDWLRQ ZKLFK EHFRPHV DSSDUHQW ODWHU ZKHQ PLFURWXEXOHV FURVV WKH
QXFOHDU HQYHORSH )LJ$*ZOJUDGXDOO\EHFRPHVPRUHGLIIXVH WKURXJK WKHHPEU\RGXULQJ
PLWRVLV EXW DSSHDUV H[FOXGHG DJDLQ IURP GDXJKWHU QXFOHL LQ WHORSKDVH :H FRQILUPHG WKLV
G\QDPLF ORFDOL]DWLRQ SDWWHUQ E\ WLPHODSVH LPDJLQJ RI HPEU\RV FRH[SUHVVLQJ *ZO*)3 DQG
+$Y5)3)LJ6$
7RH[DPLQHLIWKLVORFDOL]DWLRQSDWWHUQRI*ZOLVJHQHUDOO\FRQVHUYHGLQRWKHUFHOOW\SHV
ZHJHQHUDWHGD'0HOFHOO OLQHVWDEO\H[SUHVVLQJ*)3WDJJHG*ZO$VVHHQ LQHPEU\RV*)3
*ZO ZDV QXFOHDU LQ LQWHUSKDVH DQG EHFDPH F\WRSODVPLF DQG H[FOXGHG IURP WKH QXFOHXV LQ
SURSKDVH IRU DSSUR[LPDWHO\PLQXWHV MXVW EHIRUH QXFOHDU HQYHORSHEUHDNGRZQ )LJ%DQG
0RYLH6 ,QDGGLWLRQ*)3*ZOZDVHQULFKHGDW WKHQXFOHDUHQYHORSH LQHDUO\SURPHWDSKDVH
)LJ % DQG0RYLH 6 6LPLODU UHVXOWV ZHUH REWDLQHGZLWK &WHUPLQDOO\ WDJJHG *ZO*)3
$OWKRXJK LPPXQRIOXRUHVFHQFH UHVXOWV KDYH VXJJHVWHG WKH SUHVHQFH RI 0$67/ DW WKH
FHQWURVRPHV DQG WKH F\WRNLQHWLF PLGERG\ LQ KXPDQ FHOOV > @ ZH GLG QRW REVHUYH WKHVH
ORFDOL]DWLRQVIRU*ZOLQDrosophila
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
)LJXUH7KHORFDOL]DWLRQRI*ZOLVFHOOF\FOHUHJXODWHG$%,PPXQRIOXRUHVFHQFHLQIL[HG
V\QF\WLDOHPEU\RV $DQG'0HOFHOOVH[SUHVVLQJ*)3*ZO %DWGLIIHUHQW VWDJHVRI WKHFHOO
F\FOH 1RWH WKDW LQ ERWK SDQHOV *ZO LV QXFOHDU LQ LQWHUSKDVH DQG F\WRSODVPLF LQ SURSKDVH
DSSHDULQJH[FOXGHGIURPQXFOHL6FDOHEDUVP



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
*ZOFRQWDLQVWZRIXQFWLRQDO1/6PRWLIVLQLWVFHQWUDOUHJLRQ
:HH[SORUHG WKHPHFKDQLVPV UHVSRQVLEOH IRU WKLVG\QDPLF ORFDOL]DWLRQRI*ZO WKURXJK
WKHFHOOF\FOH*ZOVKRZVDVWURQJO\QXFOHDUORFDOL]DWLRQLQLQWHUSKDVH7RLGHQWLI\WKHUHJLRQRI
*ZOUHVSRQVLEOHIRULWVQXFOHDUORFDOL]DWLRQZHH[SUHVVHG0\FWDJJHGWUXQFDWHGIRUPVRI*ZOLQ
'0HO FHOOV LQ FXOWXUH DQG H[DPLQHG WKHLU ORFDOL]DWLRQ 7KH UHJLRQ FRQWDLQLQJ DPLQRDFLG
UHVLGXHVZDVQHFHVVDU\DQGVXIILFLHQWIRUQXFOHDUORFDOL]DWLRQ)LJ$:HVHDUFKHG
IRUSRWHQWLDOQXFOHDUORFDOL]DWLRQVLJQDOV1/6VLQWKLVUHJLRQRIWKH*ZOSURWHLQVHTXHQFH1/6
PRWLIV DUH RIWHQ FKDUDFWHUL]HG E\ WKH SUHVHQFH RI DW OHDVW  FRQVHFXWLYH SRVLWLYHO\ FKDUJHG
UHVLGXHV>@:HIRXQGWZRSRWHQWLDO1/6PRWLIV1/6DQG1/6FRQVHUYHGEHWZHHQVHYHUDO
UHODWHGVSHFLHV)LJ$DQG6:KHUHDVPXWDWLRQRIHDFK1/6LQGLYLGXDOO\DIIHFWHG*ZO¶V
ORFDOL]DWLRQRQO\SDUWLDOO\ GDWDQRW VKRZQPXWDWLRQRIERWKRI WKHVHPRWLIVZDV VXIILFLHQW WR
GLVUXSWWKHQXFOHDUORFDOL]DWLRQRI*ZOLQFHOOV)LJ%DQGLQHPEU\RV)LJ&7KXVWKH
QXFOHDU ORFDOL]DWLRQ RI *ZO GHSHQGV RQ WZR 1/6V LQ LWV FHQWUDO UHJLRQ ,PSRUWDQWO\ QXFOHDU
ORFDOL]DWLRQ LV WKH ILUVW IXQFWLRQ DVVLJQHG WR WKH ORQJ FHQWUDO UHJLRQ RI *ZO WKDW LQWHUUXSWV LWV
NLQDVHGRPDLQ

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
)LJXUH*ZOFRQWDLQVWZRHVVHQWLDO1/6PRWLIVLQLWVFHQWUDOUHJLRQ$7KHFHQWUDOUHJLRQ
RI*ZOLVQHFHVVDU\DQGVXIILFLHQWIRUQXFOHDUORFDOL]DWLRQ'0HOFHOOVH[SUHVVLQJWKHLQGLFDWHG
WUXQFDWLRQV RI *ZO WDJJHG ZLWK 0\F ZHUH H[DPLQHG E\ LPPXQRIOXRUHVFHQFH RQ D FRQIRFDO
PLFURVFRSH ,GHQWLILHG 1/6 PRWLIV DUH VKRZQ %DU  P %& 0XWDWLRQ RI ERWK 1/6V
1/6PXW .0.0LQ1/6.05/LQ1/6VHH)LJ6SUHYHQWVWKH
QXFOHDU ORFDOL]DWLRQRI*ZO ,PPXQRIOXRUHVFHQFH LQ'0HOFHOOV%DQG LQV\QF\WLDOHPEU\RV
&H[SUHVVLQJWKHLQGLFDWHGSURWHLQV%DUVP

1XFOHDUORFDOL]DWLRQRI*UHDWZDOOLVUHTXLUHGIRULWVIXQFWLRQ
:H QH[W WHVWHG WKH LPSRUWDQFH RI WKH QXFOHDU ORFDOL]DWLRQ RI *ZO IRU LWV ELRORJLFDO
IXQFWLRQ7RH[DPLQHWKHHIIHFWRIDPLVORFDOL]DWLRQRI*ZORQPLWRVLVZHXVHGFHOOVLQFXOWXUH
LQZKLFKZHH[SUHVVHG*ZO*)3:7RU1/6PXWDQWXQGHUWKHFRQWURORIDFRSSHULQGXFLEOH
SURPRWHUZKLOHGHSOHWLQJHQGRJHQRXV*ZO51$LDJDLQVWWKHFRGLQJVHTXHQFHRI*ZOOHGWRLWV
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HIILFLHQWVLOHQFLQJEXWWDUJHWLQJXQWUDQVODWHGUHJLRQVRIHQGRJHQRXV*ZOWUDQVFULSWVGLGQRWGDWD
QRWVKRZQSUHFOXGLQJWKLVSRWHQWLDOVWUDWHJ\IRUWKHVSHFLILFVLOHQFLQJRIHQGRJHQRXV*ZO7KXV
ZH FUHDWHG *ZO F'1$V UHVLVWDQW WR D GV51$ WDUJHWLQJ WKH FRGLQJ VHTXHQFH E\ LQWURGXFLQJ
FRQVHUYDWLYHFRGRQ UHSODFHPHQWV51$L VLOHQFLQJRI*ZO LQ'0HOFHOOV UHVXOWHG LQDPDUNHG
LQFUHDVHLQELSRODUVSLQGOHVZLWKVFDWWHUHGFKURPRVRPHV)LJ$&FRQVLVWHQWZLWKSUHYLRXV
ILQGLQJV >@([SUHVVLRQRI*ZO*)3UHVFXHG WKLVSKHQRW\SHFRPSOHWHO\ )LJ$&
+RZHYHU UHVFXH E\ H[SUHVVLRQ RI *ZO1/6PXW*)3 ZDV RQO\ SDUWLDO GHVSLWH D KLJKHU
H[SUHVVLRQOHYHOWKDQHQGRJHQRXV*ZO)LJ$&7KHUHIRUHWKHQXFOHDUORFDOL]DWLRQRI*ZO
LQLQWHUSKDVHLVUHTXLUHGIRULWVIXOOIXQFWLRQLQHDUO\PLWRVLV



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
)LJXUH  1XFOHDU ORFDOL]DWLRQ RI *UHDWZDOO LV UHTXLUHG IRU LWV IXQFWLRQ $& 1XFOHDU
ORFDOL]DWLRQ RI*ZO LV UHTXLUHG IRU LWVPLWRWLF IXQFWLRQ LQ FHOOV 6WDEOH FHOO OLQHV DOORZLQJ WKH
LQGXFLEOH H[SUHVVLRQ RI 51$LUHVLVWDQW IRUPV RI *ZO*)3 ZW RU 1/6PXW ZHUH JHQHUDWHG
6LPXOWDQHRXVO\ZLWKLQGXFWLRQ'0HOFHOOVZHUHWUDQVIHFWHGZLWKGV51$WRGHSOHWHHQGRJHQRXV
*ZO*RUZLWKDGV51$DJDLQVWWKHEDFWHULDOKANJHQH.DVDFRQWURO$IWHUGD\VFHOOV
ZHUHDQDO\]HGE\LPPXQRIOXRUHVFHQFH$DQG:HVWHUQEORWWLQJIRU*ZO%6FDOHEDUP
&4XDQWLILFDWLRQRIFHOOVZLWKELSRODUVSLQGOH WKDWKDYHVFDWWHUHGFKURPRVRPHVDUURZVLQ$
5HVXOWV VKRZQ DUH DYHUDJHV RI  LQGHSHQGHQW H[SHULPHQWV 6(0 %HWZHHQ  DQG  FHOOV
ZHUHH[DPLQHGIRUHDFKFRQGLWLRQLQHDFKH[SHULPHQW$VWHULVNVpDIWHU6WXGHQWWWHVW
QV QRQVLJQLILFDQW' 7KH UHJXODWHG ORFDOL]DWLRQ RI*ZO LV HVVHQWLDO IRU LWV IXQFWLRQV in vivo
UASp-Myc-Gwl WUDQVJHQHVZHUH H[SUHVVHG LQgwl PXWDQW IOLHV DV LQGLFDWHG DQG DGXOW YLDELOLW\
OHIW DQG HPEU\R KDWFK UDWHV ULJKW ZHUH VFRUHG (UURU EDUV 6(0 )RU HDFK FRQVWUXFWLRQ
UHVXOWVIURPWZRLQGHSHQGHQWWUDQVJHQHVZHUHFRPELQHG(:HVWHUQEORWRIRYDULHVH[SUHVVLQJ
WKHLQGLFDWHGIRUPVRIUASp-Myc-GwlGULYHQE\Maternal Į-Tubulin-Gal4-VP16 IURPIOLHVXVHG
LQ'1RWH WKDW H[SUHVVLRQ OHYHOV DUH VLPLODU IRU DOO WUDQVJHQHV DQGZDV DSSUR[LPDWHO\ IROG
KLJKHUWKDQHQGRJHQRXV*ZO>@
:HWHVWHGWKHLPSRUWDQFHRIWKHQXFOHDUORFDOL]DWLRQRI*ZOIRULWVELRORJLFDOIXQFWLRQin 
vivo*ZOLVDQHVVHQWLDOJHQHIRUDrosophilaGHYHORSPHQW1XOOPXWDQWVGLHPRVWO\DVSKDUDWH
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DGXOWVLQVLGHWKHLUSXSDOFDVHZLWKYHU\UDUHHVFDSHUVWKDWKDWFKZLWKPXOWLSOHPRUSKRORJLFDO
GHIHFWV > @ ([SUHVVLRQ RI UASp-Myc-Gwl GULYHQ XELTXLWRXVO\ E\ Actin-Gal4 FRPSOHWHO\
UHVFXHGWKHYLDELOLW\RIgwlSr3/gwlSr6 LQGLYLGXDOVVWURQJO\K\SRPRUSKLFPXWDQWV>@+RZHYHU
H[SUHVVLRQRIUASp-Myc-Gwl-NLSmut UHVFXHGYLDELOLW\ RQO\ LQFRPSOHWHO\ LQ WKH VDPHPXWDQW
EDFNJURXQG )LJ ' OHIW 0RUHRYHU IOLHV UHVFXHG E\ *ZO1/6PXW ZHUH VWHULOH DQG
GLVVHFWLRQV UHYHDOHG D FRPSOHWH ODFN RI RYDULHV GDWD QRW VKRZQ 7KHUHIRUH WKH QXFOHDU
ORFDOL]DWLRQRI*ZOLVLPSRUWDQWIRULWVIXQFWLRQVGXULQJGHYHORSPHQW
)HPDOHJHUPOLQHIXQFWLRQDQGHDUO\HPEU\RQLFGHYHORSPHQWUHTXLUHPDWHUQDOVXSSOLHVRI
*ZO>@7R WHVW LI WKHQXFOHDU ORFDOL]DWLRQRI*ZO LVDOVR LPSRUWDQW LQ WKLVFRQWH[WZHXVHGD
PXWDQW DOOHOH RI gwl WKDW FRPSOHWHO\ GLVUXSWV *ZO H[SUHVVLRQ LQ WKH IHPDOH JHUPOLQH RQO\
gwlSr18 ZKLFK OHDGV WR VWHULOLW\ GXH WR GHIHFWV LQ RRJHQHVLV DQG PHLRVLV >@ ([SUHVVLRQ RI
UASp-Myc-Gwl GULYHQ E\ WKH Maternal Į-Tubulin-Gal4-VP16 GULYHU ODUJHO\ UHVFXHG IHPDOH
IHUWLOLW\DVVD\HGE\WKHDELOLW\RIWKHLUHPEU\RVWRKDWFKFRQVLVWHQWZLWKSUHYLRXVUHVXOWV>@,Q
FRQWUDVWUASp-Myc-Gwl-NLSmutH[SUHVVLRQGLGQRW UHVFXHIHUWLOLW\)LJ'ULJKWDQG(
7KHUHIRUH WKH QXFOHDU ORFDOL]DWLRQ RI*ZO LV LPSRUWDQW IRU LWV IXQFWLRQV GXULQJ RRJHQHVLV DQG
HDUO\HPEU\RJHQHVLV3KHQRW\SLFDQDO\VLVRIHJJVH[SUHVVLQJ*ZO1/6PXWZDVFRPSOLFDWHGE\
WKH IDFW WKDW WKH YHU\ IHZ HJJV ODLG ZHUH DEQRUPDOO\ IUDJLOH DQG EURNH GXULQJ WKH IL[DWLRQ
SURFHGXUH
,QWHUHVWLQJO\IXVLQJ*ZOWRDVWURQJ1/6IURP69>@UHGXFHGLWVDELOLW\WRUHVFXHWKH
YLDELOLW\DQGIHUWLOLW\RIgwlPXWDQWV)LJ'(7KLVFRQVWUXFWLRQZHDNHQHG*ZO¶VDELOLW\WR
UHORFDOL]H HIILFLHQWO\ WR WKH F\WRSODVP LQ SURSKDVH 0RYLH 6 7KHVH UHVXOWV VWURQJO\ VXJJHVW
WKDW*ZOQHHGV WRDFFHVVERWK WKHQXFOHXVDQG WKHF\WRSODVP LQDQRUGHUO\DQG WLPHO\PDQQHU
EHIRUH1(%'LQRUGHUWRIXOILOOLWVHVVHQWLDOIXQFWLRQVin vivo

3RORNLQDVHLQWHUDFWVZLWKDQGSKRVSKRU\ODWHV*ZO
7RLGHQWLI\SURWHLQVWKDWFRXOGFRQWULEXWHWRUHJXODWH*ZOGLUHFWO\ZHSXULILHG*ZO3U$
IURP WUDQVJHQLF HDUO\ HPEU\RV DQG DQDO\]HG DVVRFLDWHG SURWHLQV E\ PDVV VSHFWURPHWU\ :H
GHWHFWHG SHSWLGHV IURP WKH 3ROR NLQDVH LQ WKH *ZO3U$ SXULILFDWLRQ SURGXFWV EXW QRW LQ
SXULILFDWLRQV RI RWKHU EDLW SURWHLQV XQGHU WKH VDPH FRQGLWLRQV GDWD QRW VKRZQ 7KLV UHVXOW
VXJJHVWHG WKDW 3ROR LQWHUDFWV VSHFLILFDOO\ZLWK*ZO7KLVZDV FRQILUPHGE\ DQWL3ROR:HVWHUQ
EORW RQ *ZO3U$ SXULILFDWLRQ SURGXFWV )LJ $:H DOVR YDOLGDWHG WKLV UHVXOW ZLWK WKH FR
SXULILFDWLRQ RI *ZO3U$ DQG 3ROR0\F LQ HPEU\RV )LJ % 7KH LQWHUDFWLRQ RI 3ROR ZLWK
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VHYHUDORILWVVXEVWUDWHVKDVEHHQVKRZQWRUHTXLUHVSHFLILFUHVLGXHVLQLWVQRQFDWDO\WLF3ROR%R[
'RPDLQ 3%' WKDW HQJDJH LQ FRQWDFWVZLWK DSUHSKRVSKRU\ODWHGPRWLI LQ WKH WDUJHW >@
0XWDWLRQRIWKHVHUHVLGXHVLQ3RORGLGQRWDEROLVKLWVLQWHUDFWLRQZLWK*ZO)LJ&VXJJHVWLQJ
WKDWSULRUSKRVSKRU\ODWLRQRI*ZOLVQRWUHTXLUHGIRULQWHUDFWLRQZLWK3ROR2WKHUWDUJHWVRI3ROR
KDYHEHHQVKRZQWRHQJDJHLQLQWHUDFWLRQVWKDWGRQRWIROORZWKHSKRVSKRSULPLQJPRGHO>@



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
)LJXUH3RORLQWHUDFWVZLWKDQGSKRVSKRU\ODWHV*ZO$3RORLVGHWHFWHGE\:HVWHUQEORW
LQD*ZO3U$SXULILFDWLRQSURGXFWIURPHPEU\RV%3ROR0\FLVFRSXULILHGZLWK*ZO3U$IURP
WUDQVJHQLF HPEU\RV& 7KH DVVRFLDWLRQ RI 3ROR ZLWK *ZO GRHV QRW GHSHQG RQ LWV FDQRQLFDO
SKRVSKRELQGLQJ DFWLYLW\ '0HO FHOOV H[SUHVVLQJ WKH LQGLFDWHG SURWHLQV ZHUH XVHG LQ 3U$
DIILQLW\SXULILFDWLRQV IROORZHGE\:HVWHUQEORWV0XW 3ROR:)+$.$'7KH
FHQWUDO UHJLRQ RI*ZO DVVRFLDWHVZLWK 3ROR([SHULPHQW GRQH DV LQ&( 3ROR SKRVSKRU\ODWHV
*ZO in vitro.'*67*ZO.5NLQDVHGHDG%,LVD3RORLQKLELWRU WKDWZDVXVHGDVD
FRQWURO)0RGHUDWHRYHUH[SUHVVLRQRI3ROR0\FLQHPEU\RV LQGXFHVK\SHUSKRVSKRU\ODWLRQRI
*ZO* *ZO K\SHUSKRVSKRU\ODWLRQ GHSHQGV RQ 3ROR LQ HPEU\R H[WUDFWV $IWHU O\VLV H[WUDFWV
ZHUH LQFXEDWHG DV LQGLFDWHG 2NDGDLF DFLG LQGXFHV DQ XSVKLIW LQ WKH PRELOLW\ RI *ZO WKDW LV
DEURJDWHG E\ %,  Q0+0RGHO 3ROR LQWHUDFWV ZLWK *ZO LQ LWV FHQWUDO UHJLRQ DQG
SKRVSKRU\ODWHVPXOWLSOHVLWHV
7R GHWHUPLQH WKH UHJLRQ RI *ZO WKDW PHGLDWHV LWV LQWHUDFWLRQ ZLWK 3ROR ZH H[SUHVVHG
0\FWDJJHG WUXQFDWLRQV RI *ZO LQ '0HO FHOOV DQG WHVWHG ZKLFK RQHV FRSXULILHG ZLWK FR
H[SUHVVHG3ROR3U$:HIRXQGWKDWWKHFHQWUDOUHJLRQRI*ZOFRQWDLQLQJWKHIXQFWLRQDO1/6VLV
VXIILFLHQW IRU WKH DVVRFLDWLRQZLWK 3ROR )LJ ' 7KXV 3ROR FDQ DVVRFLDWH ZLWK WKH FHQWUDO
UHJLRQRI*ZO,QDGGLWLRQZHGHWHFWHGDZHDNHUDVVRFLDWLRQEHWZHHQ3RORDQGWKH1WHUPLQDO
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KDOIRIWKHNLQDVHGRPDLQRI*ZOGDWDQRWVKRZQFRQVLVWHQWZLWKDSUHYLRXVVWXG\LQXenopus
>@,WLVWKHUHIRUHSRVVLEOHWKDWWZRUHJLRQVRI*ZOFDQLQWHUDFWZLWK3ROR
 :H K\SRWKHVL]HG WKDW 3ROR FRXOG UHJXODWH *ZO ,W KDV EHHQ UHSRUWHG WKDW 3O[ WKH
Xenopus RUWKRORJ RI 3ROR FDQ SKRVSKRU\ODWH Xenopus *ZO in vitro EXW WKH SK\VLRORJLFDO
UHOHYDQFHRI WKLVREVHUYDWLRQZDVXQFOHDUVLQFHRQO\DPLQRUHIIHFWRUQRHIIHFWRQ*ZONLQDVH
DFWLYLW\ FRXOG EH GHWHFWHG > @ :H IRXQG WKDW Drosophila 3ROR FDQ SKRVSKRU\ODWH
Drosophila*ZOin vitro )LJ()XUWKHUPRUHRYHUH[SUHVVLRQRI3RORLQHPEU\RVLQGXFHVDQ
XSVKLIW LQ WKH HOHFWURSKRUHWLFPRELOLW\ RI *ZO )LJ ) VXJJHVWLQJ WKDW 3ROR UHJXODWHV*ZO
SKRVSKRU\ODWLRQin vivo+RZHYHUWKHHIIHFWRI3RORRYHUH[SUHVVLRQRQ*ZOFRXOGKDYHEHHQDQ
LQGLUHFWFRQVHTXHQFHRIDOWHUDWLRQVLQFHOOF\FOHG\QDPLFV7KXVZHFRQGXFWHGDQH[SHULPHQWLQ
QRQF\FOLQJHPEU\RH[WUDFWV:HQRWLFHGWKDW*ZOJUDGXDOO\FROODSVHGWRIDVWHUPLJUDWLQJIRUPV
LQ WKHVH H[WUDFWV ZKHQ LQFXEDWHG RQ LFH )LJ * 7KLV HOHFWURSKRUHWLF FKDQJH RI *ZO ZDV
SDUWLDOO\UHYHUVHGZKHQH[WUDFWVZHUH LQFXEDWHGLQ WKHSUHVHQFHRIRNDGDLFDFLGDSKRVSKDWDVH
LQKLELWRU OLNHO\ UHIOHFWLQJ K\SHUSKRVSKRU\ODWLRQ$GGLWLRQ RI WKH 3ROR LQKLELWRU%, WR WKH
H[WUDFWVDEURJDWHGWKLVXSVKLIWIXUWKHUVXJJHVWLQJWKDW3RORSKRVSKRU\ODWHV*ZO7KHUHPDLQLQJ
PRELOLW\VKLIWREVHUYHGLVOLNHO\WREHDWWULEXWDEOHLQSDUWWRWKHNQRZQSKRVSKRU\ODWLRQRI*ZO
E\F\FOLQ%&GN>@
:HXVHG D VLPLODU DVVD\ LQ FXOWXUHG FHOOV WRPDS WKH UHJLRQRI*ZO WKDW LV WDUJHWHGE\
3ROR 7KH FHQWUDO UHJLRQ DORQH *ZO VKLIWHG XSRQ RNDGDLF DFLG WUHDWPHQW ZKLOH WKH1
WHUPLQDODQG&WHUPLQDOUHJLRQVHQFRGLQJIRU WKHFRUHNLQDVHGRPDLQGLGQRWVKLIW)LJ$
0RUHRYHUWKHPRELOLW\VKLIWZDVUHGXFHGZKHQFHOOVZHUHWUHDWHGZLWKWKH3RORLQKLELWRU%,
$OWRJHWKHURXUUHVXOWVVWURQJO\VXJJHVWWKDW3RORSKRVSKRU\ODWHV*ZOLQLWVFHQWUDOUHJLRQin vivo
0DVVVSHFWURPHWU\DQDO\VLVRI*ZODIWHUSKRVSKRU\ODWLRQE\3RORin vitro LGHQWLILHGVLWHV
RIZKLFKDUH LQVLGH WKHFHQWUDO UHJLRQRI*ZO )LJ6$$OWRJHWKHURXU UHVXOWVVXJJHVW WKDW
3RORLQWHUDFWVZLWK*ZOLQLWVFHQWUDOUHJLRQWRSKRVSKRU\ODWHLWDWPXOWLSOHVLWHV)LJ+
3RORDFWLYLW\SURPRWHVWKHF\WRSODVPLFORFDOL]DWLRQRI*ZOLQSURSKDVH
$VVKRZQDERYHWKHQXFOHDUORFDOL]DWLRQRI*ZOUHOLHVRQWZR1/6PRWLIVORFDWHGLQLWV
FHQWUDOUHJLRQDQGWKLVUHJLRQDVVRFLDWHVZLWKDQGLVSKRVSKRU\ODWHGE\3ROR:HK\SRWKHVL]HG
WKDWWKHSKRVSKRU\ODWLRQRI*ZOE\3RORFRXOGUHJXODWH LWVVXEFHOOXODUORFDOL]DWLRQ7RWHVWWKLV
SRVVLELOLW\ZHRYHUH[SUHVVHG3RORLQWKHV\QF\WLDOHPEU\RDQGDQDO\]HGWKHORFDOL]DWLRQRI*ZO
E\LPPXQRIOXRUHVFHQFH:HIRXQGWKDWRYHUH[SUHVVLRQRI3RORRUFRQVWLWXWLYHO\DFWLYH3ROR7'
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SDUWLDOO\ DEURJDWHG WKH QXFOHDU HQULFKPHQW RI*ZO )LJ %2YHUH[SUHVVLRQ RI 3ROR7' LQ
FXOWXUHGFHOOVDOVROHGWRDQLQFUHDVHLQF\WRSODVPLFORFDOL]DWLRQRI*ZO)LJ&3KRVSKDWDVH
LQKLELWLRQE\VKRUW WUHDWPHQWVZLWKRNDGDLFDFLGLQFUHDVHGWKHF\WRSODVPLFORFDOL]DWLRQRI*ZO
IXUWKHUVXJJHVWLQJWKDW*ZOSKRVSKRU\ODWLRQSURPRWHVLWVF\WRSODVPLFORFDOL]DWLRQ)LJ6$V
H[SHFWHGVLPXOWDQHRXVLQKLELWLRQRI3RORZLWK%,SDUWLDOO\UHVWRUHGWKHQXFOHDUORFDOL]DWLRQ
RI *ZO 7KHVH UHVXOWV VWURQJO\ VXJJHVW WKDW 3ROR SKRVSKRU\ODWLRQ RI *ZO SURPRWHV LWV
F\WRSODVPLFORFDOL]DWLRQ
 7R WHVW LI 3ROR DFWLYLW\ LV UHTXLUHG IRU WKH QXFOHDU H[FOXVLRQ RI *ZO LQ SURSKDVH ZH
LPDJHGPLWRWLFHQWU\LQ*)3*ZOFHOOVIROORZLQJLQKLELWLRQRI3RORZLWK%,:KLOHFRQWURO
FHOOV DOZD\V H[FOXGHG*ZO IURP WKH QXFOHXV LQ SURSKDVH LQ  FHOOV ILOPHG FHOOV WUHDWHG
ZLWK%,HQWHUHGPLWRVLVDQGQHYHU VKRZHGQXFOHDUH[FOXVLRQRI*)3*ZO LQSURSKDVH LQ
FHOOVILOPHG)LJ',QVWHDG*)3*ZOJUDGXDOO\VSUHDGLQWRWKHF\WRSODVPLQPLWRWLF
FHOOVZKHQWKHQXFOHDUHQYHORSHEUHDNVGRZQ:KLOHFRQWUROFHOOVFRPSOHWHGFHOOGLYLVLRQLQOHVV
WKDQ  KRXUV 3RORLQKLELWHG FHOOV IDLOHG WR GLYLGH HYHQ DIWHU VHYHUDO KRXUV 7KHUHIRUH 3ROR
DFWLYLW\LVUHTXLUHGIRUWKHQXFOHDUH[FOXVLRQRI*ZOLQSURSKDVH
2XUPDSSLQJRIWKH3RORSKRVSKRU\ODWLRQVLWHVLQ*ZOin vitroUHVXOWHGLQDODUJHQXPEHU
RI VLWHV GHWHFWHG ,QWHUHVWLQJO\ WKHVH VLWHV WHQGHG WR EH FOXVWHUHG LQ WKH FHQWUDO UHJLRQRI*ZO
FRPSULVLQJLWV1/6V)LJ6:HWHVWHGWKHHIIHFWRIPXWDWLQJ3RORFRQVHQVXVVLWHVLQ*ZO¶V
FHQWUDOUHJLRQRQWKHORFDOL]DWLRQRI*ZO$ODQLQHUHVLGXHVZHUHLQWURGXFHGLQVWHDGRIVHULQHRU
WKUHRQLQHUHVLGXHVDWDOOVLWHVFRUUHVSRQGLQJWRWKHPLQLPDO3RORSKRVSKRU\ODWLRQPRWLI(1'
;67 >@ LQ WKH FHQWUDO UHJLRQ RI *ZO DURXQG LWV 1/6V 7KLV *ZO3ROR$ PXWDQW ZDV
PDUNHGO\OHVVSKRVSKRU\ODWHGE\3RORFRPSDUHGZLWK*ZOZWin vitro)LJ6%5HPDUNDEO\
*ZO3ROR$*)3 IDLOHG WR EH H[FOXGHG IURP WKH QXFOHXV LQ SURSKDVH IRU  PLWRWLF HQWU\
HYHQWVH[DPLQHG&RPSDUH)LJ$YV%DQG0RYLH6YV6IXUWKHUVXSSRUWLQJWKHLGHD
WKDW3RORSKRVSKRU\ODWLRQRI*ZOLVUHTXLUHGIRULWVQXFOHDUH[FOXVLRQ
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
)LJXUH  3ROR DFWLYLW\ SURPRWHV WKH F\WRSODVPLF ORFDOL]DWLRQ RI *ZO LQ SURSKDVH $
3KRVSKRU\ODWLRQRI*ZOLQLWVFHQWUDOUHJLRQGHSHQGVRQ3ROR%,QFUHDVLQJ3RORDFWLYLW\LQGXFHV
DPRUHF\WRSODVPLFORFDOL]DWLRQRI*ZOLQV\QF\WLDOHPEU\RVpYDOXHVDUHIURPDSDLUHGWWHVW&
,QFUHDVLQJ3RORDFWLYLW\LQGXFHVDPRUHF\WRSODVPLFORFDOL]DWLRQRI*ZOLQFXOWXUHGFHOOV%DUV
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P'7LPHODSVHPLFURVFRS\RI'0HOFHOOVH[SUHVVLQJ*)3*ZODQG+$YP5)3,QFRQWURO
'062 WUHDWHG FHOOV *)3*ZO LV H[FOXGHG IURP WKH QXFOHXV LQ SURSKDVH UHG DUURZKHDG ,Q
FHOOVWUHDWHGZLWK%,Q0WRLQKLELW3ROR*)3*ZOLVQHYHUH[FOXGHGIURPWKHQXFOHXV
DQG EHFRPHV GLIIXVH WKURXJKRXW WKH FHOO LQPLWRVLV 7ZDV VHW DV WKH WLPHZKHQ F\WRSODVPLF
*)3*ZOILUVWEHJLQVWRDSSHDU%DUVP


)LJXUH  ([FOXVLRQ RI *ZO IURP WKH QXFOHXV LQ SURSKDVH UHTXLUHV 3ROR DQG &GN
FRQVHQVXVVLWHVDQGLVUHTXLUHGIRUWLPHO\PLWRWLFSURJUHVVLRQ([SUHVVLRQRI*ZO*)3:7
3ROR$ RU &GN$ZDV LQGXFHG DQG FHOOV ZHUH ILOPHG RQH GD\ ODWHU$ *ZO*)3 LV QXFOHDU LQ
LQWHUSKDVHDQGEHFRPHVF\WRSODVPLFDQGH[FOXGHG IURP WKHQXFOHXV LQSURSKDVH$IWHU1(%'
7 *ZO*)3 EHFRPHV GLIIXVH WKURXJKRXW WKH FHOO DQG UHWXUQV WR QXFOHL GXULQJ F\WRNLQHVLV
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6FDOHEDUP%&0XWDWLRQRI3RORRU&GNFRQVHQVXVVLWHVLQWKHFHQWUDOUHJLRQRI*ZO*)3
SUHYHQWVLWVQXFOHDUH[FOXVLRQLQSURSKDVH'([SUHVVLRQRI*ZO3ROR$*)3RU*ZO&GN$*)3
H[WHQGV HDUO\ PLWRVLV 7KH WLPH EHWZHHQ HVWLPDWHG 1(%' ORVV RI URXQG RXWOLQH RI 1( DQG
DQDSKDVH FHOO HORQJDWLRQ ZDV PHDVXUHG DQG VKRZQ LQ D ER[ SORW :7 1  FHOOV 3ROR$
1 FHOOV&GN$1 FHOOV$VWHULVNVpDIWHU6WXGHQWWWHVW
İFROODERUDWHVZLWK3RORWRSURPRWHWKHF\WRSODVPLFORFDOL]DWLRQRI*ZO
%HFDXVHDJDLQRI3RORIXQFWLRQLQLQWHUSKDVHOHGRQO\WRDSDUWLDOUHORFDOL]DWLRQRI*ZOWR
WKH F\WRSODVP )LJ  ZH K\SRWKHVL]HG WKDW RWKHU IDFWRUV ZHUH UHTXLUHG IRU WKLV SURFHVV WR
RFFXU HIILFLHQWO\ LQ SURSKDVH  SURWHLQV DUH FRQVHUYHG SKRVSKRVHULQHSKRVSKRWKUHRQLQH
ELQGLQJ SURWHLQV WKDW KDYH EHHQ LPSOLFDWHG LQ WKH F\WRSODVPLF UHWHQWLRQ RI VHYHUDO IDFWRUV
LQFOXGLQJUHJXODWRUVRIPLWRWLFHQWU\VXFKDV&GF&>@7ZRIDPLO\PHPEHUVH[LVWLQ
Drosophila İ DQG ȗ :H WHVWHG LI *ZO FRXOG LQWHUDFW ZLWK  SURWHLQV DV
SRWHQWLDO UHJXODWRUV RI *ZO ORFDOL]DWLRQ 5HFRPELQDQW *67İ RU *67ȗ FRXOG
SXOOGRZQ *ZO0\F IURP D FHOO H[WUDFW )LJ $ ,QDrosophila FHOOV LQ FXOWXUH *ZO0\F
FRXOGEHFRSXULILHGZLWKERWKİDQGȗIXVHGWR3URWHLQ$)LJ%,QERWKDVVD\V
.WR(PXWDWLRQVWKDWZHDNHQWKHSKRVSKRELQGLQJDFWLYLWLHVRISURWHLQVGHFUHDVHGWKHLU
DVVRFLDWLRQ ZLWK *ZO >@ 7KHVH UHVXOWV VXJJHVW WKDW  SURWHLQV LQWHUDFW ZLWK
SKRVSKRU\ODWHG*ZO
:H WHVWHG LI  SURWHLQV FRXOG FROODERUDWH ZLWK 3ROR WR SURPRWH WKH F\WRSODVPLF
ORFDOL]DWLRQ RI *ZO :H IRXQG WKDW FRH[SUHVVLRQ RI İ DQG 3ROR7' OHG WR D PDUNHG
LQFUHDVH LQ F\WRSODVPLF ORFDOL]DWLRQ RI *ZO0\F LQ LQWHUSKDVH FHOOV FRPSDUHG ZLWK WKH
H[SUHVVLRQRI3ROR7'RUİDORQH7KLVHIIHFWZDVDEURJDWHGE\WKH.(PXWDWLRQLQ
İ VXJJHVWLQJ WKDW LWVSKRVSKRELQGLQJDFWLYLW\ LV UHTXLUHG IRU LWV HIIHFWRQ*ZO ORFDOL]DWLRQ
)LJ&'0RUHRYHUWKHDELOLW\RI*ZOWRLQWHUDFWZLWKİGHSHQGHGRQWKHSUHVHQFHRI
WKH3RORFRQVHQVXVVLWHVLQWKHFHQWUDOUHJLRQRI*ZO)LJ(0RUHRYHUFHOOWUHDWPHQWZLWK
WKH3RORLQKLELWRU%,ZHDNHQHGWKHLQWHUDFWLRQRI*ZOZLWKİLQD*67SXOOGRZQ)LJ
) 7RJHWKHU WKHVH UHVXOWV VWURQJO\ VXJJHVW WKDW İ FDQ ELQG *ZO IROORZLQJ LWV
SKRVSKRU\ODWLRQE\3ROROHDGLQJWRWKHF\WRSODVPLFUHWHQWLRQRI*ZO
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
)LJXUHİFROODERUDWHVZLWK3RORWRSURPRWHWKHF\WRSODVPLFORFDOL]DWLRQRI*ZO$
*ZO LV FRSXULILHG ZLWK  SURWHLQV LQ D *67 SXOOGRZQ $Q H[WUDFW IURP '0HO FHOOV
H[SUHVVLQJ *ZO0\F ZDV LQFXEDWHG ZLWK *67 IXVLRQV SURWHLQV RQ VHSKDURVH% *ZO LV FR
SXULILHGZLWKSURWHLQVIURPFHOOVLQFXOWXUH&HOOVFRH[SUHVVLQJ*ZO0\FDQG3URWHLQ$
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
IXVLRQSURWHLQVDVLQGLFDWHGZHUHXVHGLQ3U$DIILQLW\SXULILFDWLRQV&'2YHUH[SUHVVLRQRI
İ HQKDQFHV WKH F\WRSODVPLF ORFDOL]DWLRQ RI *ZO LQGXFHG E\ D JDLQ RI 3ROR IXQFWLRQ &
([DPSOHVRI FHOOV DQDO\]HGE\ LPPXQRIOXRUHVFHQFH6FDOHEDU P'4XDQWLILFDWLRQ)RU
HDFKFRQGLWLRQWKHF\WRSODVPLFDQGQXFOHDUIOXRUHVFHQFHRI*ZO0\FZDVPHDVXUHGIRUPXOWLSOH
LQWHUSKDVHFHOOVWDNHQUDQGRPO\(UURUEDUV6(0$VWHULVNVpDIWHU6WXGHQWWWHVW(
3RORFRQVHQVXVVLWHVEXWQRW&GNFRQVHQVXVVLWHVLQWKHFHQWUDOUHJLRQRI*ZODUHUHTXLUHGIRULWV
LQWHUDFWLRQ ZLWK İ &HOOV H[SUHVVLQJ WKH LQGLFDWHG SURWHLQV ZHUH XVHG LQ 3U$DIILQLW\
SXULILFDWLRQVIROORZHGE\:HVWHUQEORWV)7UHDWPHQWRIFHOOVZLWKD3RORLQKLELWRU%,
Q0EXWQRWD&GNLQKLELWRU520DEURJDWHGWKHLQWHUDFWLRQRI*ZO0\Fİ
LQD*67SXOOGRZQ
&GNPD\FRQWULEXWHWRUHJXODWH*ZOORFDOL]DWLRQ
 /LNH3ROR&GNSOD\VPDQ\ LPSRUWDQW UROHV LQPLWRVLV E\ WDUJHWLQJ VHYHUDO VXEVWUDWHV
0RUHRYHU&GNKDVEHHQ VKRZQ WR DFWLYDWH*ZONLQDVH DFWLYLW\ >@7R WHVW LI&GN
FRXOG UHJXODWH*ZO ORFDOL]DWLRQZHPXWDWHG LQWR DODQLQH UHVLGXHV PLQLPDO &'. FRQVHQVXV
VLWHV 673 LQ WKHFHQWUDO UHJLRQRI*ZO*ZO&GN$ZDV OHVVHIILFLHQWO\SKRVSKRU\ODWHGE\
F\FOLQ %&GN in vitro FRPSDUHG ZLWK *ZOZW )LJ 6& ,QWHUHVWLQJO\ WLPHODSVH LPDJLQJ
UHYHDOHGWKDW*ZO&GN$*)3LVQRWH[FOXGHGIURPWKHQXFOHXVLQSURSKDVH)LJ&DQG0RYLH
6 LQ  FHOOV H[DPLQHG7KHVH UHVXOWV VXJJHVW WKDW SKRVSKRU\ODWLRQ RI*ZO E\ F\FOLQ%
&GN LV UHTXLUHG IRU LWV QXFOHDU H[FOXVLRQ LQSURSKDVH+RZHYHUPXWDWLRQRI WKH&GN VLWHV LQ
*ZOGLGQRWDIIHFWLWVDELOLW\WRLQWHUDFWZLWKİ)LJ(DQGFHOOWUHDWPHQWZLWKD&GN
LQKLELWRUGLGQRWZHDNHQ*ZO¶VDELOLW\WRLQWHUDFWZLWKİLQWKH*67SXOOGRZQ)LJ)
7KHVH UHVXOWV VXJJHVW WKDW &GN SKRVSKRU\ODWLRQ RI *ZO DIIHFWV LWV ORFDOL]DWLRQ LQGHSHQGHQWO\
IURPWKH3RORSDWKZD\

)DLOXUHWRH[FOXGH*ZOIURPWKHQXFOHXVOHDGVWRGHOD\VLQPLWRVLV
 7KHIDLOXUHLQQXFOHDUH[FOXVLRQRI*ZOREVHUYHGIRUWKH3RORDQG&'.SKRVSKRU\ODWLRQ
VLWH PXWDQWV DOORZHG XV WR DVN LI WKH QXFOHDU H[FOXVLRQ RI *ZO LQ SURSKDVH ZDV UHTXLUHG IRU
QRUPDO PLWRVLV 6WULNLQJO\ LQGXFLQJ WKH H[SUHVVLRQ RI *ZO3ROR$*)3 RU *ZO&GN$*)3
GHOD\HG WKH RQVHW RI DQDSKDVH UHODWLYH WR WKH WLPH RI 1(%' DSSUR[LPDWHG E\ WKH ORVV RI D
YLVLEOH URXQG QXFOHDU RXWOLQH )LJ ' :KLOH WKLV WLPH DYHUDJHG  PLQXWHV LQ FHOOV
H[SUHVVLQJ*ZO*)3LWH[WHQGHGWRDYHUDJHVRIPLQXWHVLQFHOOVH[SUHVVLQJ*ZO3ROR$*)3
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
DQG  PLQXWHV LQ FHOOV H[SUHVVLQJ *ZO&GN$*)3 ,Q DGGLWLRQ WKLV WLPH ZDV PXFK PRUH
YDULDEOH LQ FHOOV H[SUHVVLQJ *ZO3ROR$*)3 DQG *ZO&GN$*)3 ZLWK VRPH FHOOV LQFXUULQJ
GHOD\VRIRYHUPLQXWHV)LJ'6LQFHHQGRJHQRXV*ZOZDVDOVRH[SUHVVHGLQWKRVHFHOOV
WKHVHUHVXOWVVWURQJO\VXJJHVWDUHTXLUHPHQWIRUWKHQXFOHDUH[FOXVLRQRI*ZOLQSURSKDVHUDWKHU
WKDQDVLPSOHUHTXLUHPHQWIRUWKHSUHVHQFHRI*ZOLQWKHF\WRSODVP

([FHVVLYH3RORDFWLYLW\LQ*ZOFRPSURPLVHGHPEU\RVOHDGVWRGHIHFWLYHPLWRWLFHQWU\
 :H DVNHG LI 3ROR RU F\FOLQ %&GN FRXOG PRGLI\ *ZO IXQFWLRQ LQ WKH FHOO F\FOH LQ
V\QF\WLDO HPEU\RV ([SUHVVLRQ RI RQO\ KDOI WKH QRUPDO DPRXQW RI *ZO LQ HPEU\RV ODLG E\
PRWKHUV KHWHUR]\JRXV IRU D gwl QXOO DOOHOH gwl6a GLG QRW SUHYHQW HPEU\RV IURP KDWFKLQJ
+RZHYHURYHUH[SUHVVLRQRI3RORLQWKHVHgwlFRPSURPLVHGHPEU\RVPDUNHGO\GHFUHDVHGWKHLU
KDWFKLQJ UDWH ZKLOH PRGHUDWH RYHUH[SUHVVLRQ RI 3ROR DORQH KDG RQO\ D PRGHUDWH HIIHFW RQ
HPEU\RKDWFKLQJ)LJ$%7KXV3RORDSSHDUVWRPRGLI\*ZODFWLYLW\LQWKLVJHQHWLFDVVD\
:H H[DPLQHG WKH GHYHORSPHQW GHIHFWV LQ WKHVH HPEU\RV E\ LPPXQRIOXRUHVFHQFH ,Q
HPEU\RV H[SUHVVLQJ KDOI WKH QRUPDO GRVH RI *ZO DQG RYHUH[SUHVVLQJ 3ROR ZH IRXQG WKDW D
VLJQLILFDQWIUDFWLRQRIQXFOHLIDLOHGWRHQWHUPLWRVLVZKHQWKHPDMRULW\RIQXFOHLZHUHDOUHDG\LQ
SURPHWDSKDVHRUPHWDSKDVH)LJ&7KHGHIHFWLYHQXFOHLZHUHFKDUDFWHUL]HGE\WKHDEVHQFH
RIDPLWRWLFVSLQGOHDYHU\VWURQJODPLQVWDLQLQJDQGXQGHUFRQGHQVHGFKURPRVRPHV)LJ&
6XFKQXFOHLZHUHDOVRREVHUYHGDOEHLWDWDORZHUIUHTXHQF\LQHPEU\RVIURPgwlKHWHUR]\JRXV
PRWKHUV1XFOHL HLWKHU GLG RU GLG QRW HQWHUPLWRVLV DQG LQWHUPHGLDWH SKHQRW\SHVZHUH VHOGRP
VHHQFRQVLVWHQWZLWKDVWRFKDVWLFIDLOXUHWRWULJJHUWKHELVWDEOHPLWRWLFVZLWFKLQZKLFK*ZOLV
LPSOLFDWHG >@6LPLODU REVHUYDWLRQVZHUH UHSRUWHG IROORZLQJ LQMHFWLRQRI F\FOLQ%GV51$ LQ
V\QF\WLDOHPEU\RV>@([SUHVVLRQRIFRQVWLWXWLYHO\DFWLYH3ROR7'ZDVDOUHDG\WR[LFE\LWVHOI
DQG ZDV HYHQ PRUH KDUPIXO WR HPEU\RV IURP gwlKHWHUR]\JRXV PRWKHUV WKDQ 3RORZW ZKLOH
3ROR7$KDGQRHIIHFWRQHPEU\RQLFYLDELOLW\GDWDQRWVKRZQ:HFRQFOXGHWKDW3RORNLQDVH
DFWLYLW\FDQUHJXODWHWKHHVVHQWLDOIXQFWLRQRI*ZOLQWULJJHULQJPLWRWLFHQWU\2YHUH[SUHVVLRQRI
F\FOLQ%LQHPEU\RVIURPgwl6a/+PRWKHUVGLGQRWGHFUHDVHWKHLUKDWFKLQJUDWHGDWDQRWVKRZQ
VXJJHVWLQJWKDW3ROROHYHOVDUHPRUHFULWLFDOWKDQF\FOLQ%OHYHOVWRUHJXODWH*ZODFWLYLW\GXULQJ
HPEU\RQLFFHOOF\FOHV
104



)LJXUH  0LVUHJXODWLRQ RI *ZO E\ 3ROR LQWHUIHUHV ZLWK FHOO F\FOH SURJUHVVLRQ $
2YHUH[SUHVVLRQ RI 3ROR LQ V\QF\WLDO HPEU\RV FRPSURPLVHG IRU gwl LV OHWKDO ([SUHVVLRQ RI 
UASp-Polo-MycZDVGULYHQE\Maternal Į-Tub Gal4-VP16 2(RYHUH[SUHVVLRQ1R7J1R
3ROR 7UDQVJHQH (UURU EDUV 6(0%:HVWHUQ EORW DQDO\VLV RI HPEU\RV DQDO\]HG LQ $&
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
3KHQRW\SHVRIHPEU\RVZKHUHDPDMRULW\RIQXFOHLDUHLQPHWDSKDVH'HIHFWVLQPLWRWLFHQWU\DUH
REVHUYHG LQ HPEU\RV IURP PRWKHUV KHWHUR]\JRXV IRU gwl6a ZKHUH 3ROR LV RYHUH[SUHVVHG
'HIHFWLYHQXFOHL\HOORZDUURZKHDGVDUHFKDUDFWHUL]HGE\WKHDEVHQFHRIDVSLQGOHEULJKWODPLQ
VWDLQLQJDQGXQGHUFRQGHQVHGFKURPRVRPHVTXDQWLILFDWLRQLVDWWKHERWWRP

',6&866,21
$QHZOHYHORIUHJXODWLRQRI*ZOLQWKHFHOOF\FOH
 :H KDYH VKRZQ WKDW *ZO LV UHJXODWHG LQ WKH FHOO F\FOH DW WKH OHYHO RI LWV VXEFHOOXODU
ORFDOL]DWLRQ )URP D VWURQJO\ QXFOHDU ORFDOL]DWLRQ LQ LQWHUSKDVH *ZO EHFRPHV ODUJHO\
F\WRSODVPLF DQG H[FOXGHG IURP WKH QXFOHXV LQ SURSKDVH EHIRUH QXFOHDU HQYHORSH EUHDNGRZQ
2XU UHVXOWV LQGLFDWH WKDW*ZO QHHGV WR DFFHVV WKH QXFOHXV LQ LQWHUSKDVH DQG WUDQVORFDWH WR WKH
F\WRSODVPVWDUWLQJLQSURSKDVHIRUSURSHUFHOOF\FOHSURJUHVVLRQ
%DVHGRQRXUILQGLQJVDQGH[LVWLQJNQRZOHGJHRQWKHIDFWRUVLQYROYHGZHFDQSURSRVHD
PHFKDQLVWLFPRGHO IRU WKH UROH RI*ZO¶V VSDWLDO UHJXODWLRQ )LJ 1XFOHDU VHTXHVWUDWLRQ RI
*ZO FRXOG IDFLOLWDWH LWV DFWLYDWLRQ E\ F\FOLQ %&GN LQ WKH QXFOHXV DW PLWRWLF HQWU\
3KRVSKRU\ODWLRQRIF\FOLQ%E\F\FOLQ%&GNKDVEHHQVKRZQUHFHQWO\ WRSURPRWH LWVQXFOHDU
LPSRUWLQSURSKDVH>@DQGLQFUHDVHGFRQFHQWUDWLRQRIF\FOLQ%LQWKHQXFOHXVIXUWKHUVWLPXODWHV
SRVLWLYHIHHGEDFNORRSVOHDGLQJWRIXOOF\FOLQ%&GNDFWLYDWLRQ>@,QXenopusF\FOLQ%
&GNKDVEHHQSURSRVHGWREHDW OHDVWSDUWO\UHVSRQVLEOHIRU*ZODFWLYDWLRQ>@EXWD
GHOD\ KDV EHHQ REVHUYHG EHWZHHQ&GN DFWLYDWLRQ DQG*ZO DFWLYDWLRQ LQ VWDUILVK RRF\WHV >@
ZKLFK LV FRQVLVWHQW ZLWK WKH QHHG WR LPSRUW F\FOLQ % LQ WKH QXFOHXV IRU *ZO DFWLYDWLRQ ,Q
DJUHHPHQWZLWK WKLVPRGHOZH ILQG WKDWF\FOLQ% LV LPSRUWHG LQWR WKHQXFOHXVDWD WLPH LQ*
ZKHQ *ZO LV VWLOO LQ WKH QXFOHXV )LJ 6 0RUHRYHU VLQFH 33$7ZV% LV WKRXJKW WR
GHSKRVSKRU\ODWHVHYHUDOF\FOLQ%&GNVXEVWUDWHVLWFRXOGSRWHQWLDOO\LQDFWLYDWH*ZOWKHUHIRUH
WKHQXFOHDUORFDOL]DWLRQRI*ZOFRXOGDOVRIDFLOLWDWH*ZODFWLYDWLRQE\VHTXHVWHULQJLWDZD\IURP
33$7ZV%ZKLFK LVNQRZQ WREH ODUJHO\F\WRSODVPLF LQERWKDrosophila >@ DQGKXPDQ
FHOOV>@

$FWLYDWLRQRI*ZO LQ WKHQXFOHXVZRXOGEHTXLFNO\ IROORZHGE\ LWV WUDQVORFDWLRQ WR WKH
F\WRSODVP ZKLFK GHSHQGV RQ LWV SKRVSKRU\ODWLRQ E\ 3ROR IROORZHG E\ İ ELQGLQJ 2XU
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
UHVXOWVVXJJHVWWKDWF\FOLQ%&GNSKRVSKRU\ODWLRQRI*ZOLQLWVFHQWUDOUHJLRQLVDOVRUHTXLUHG
IRU*ZO
VQXFOHDUH[FOXVLRQDOWKRXJKWKLVSKRVSKRU\ODWLRQLVQRWUHTXLUHGIRU*ZO
VELQGLQJWR
3RORRU7KHUHTXLUHPHQWIRUPXOWLSOHSKRVSKRU\ODWLRQHYHQWVGHSHQGHQWRQWZRNLQDVHV
3ROR DQG &GN PD\ HQVXUH WKH UREXVWQHVV DQG SURSHU WLPLQJ RI *ZO
V UHORFDOL]DWLRQ LQ
SURSKDVH FRQVLVWHQW ZLWK WKH SK\VLRORJLFDO LPSRUWDQFH RI WKLV SURFHVV 3UHYLRXV VWXGLHV KDYH
HVWDEOLVKHGWKDW*ZOSURPRWHVPLWRWLFHQWU\E\SKRVSKRU\ODWLQJHQGRVXOILQHSURWHLQVZKLFKWKHQ
EHFRPH 33$7ZV% LQKLELWRUV >@ (QGRV LV SUHVHQW LQ ERWK WKH QXFOHXV DQG WKH
F\WRSODVP GXULQJ WKH ZKROH FHOO F\FOH >@ DQG WKHUHIRUH FKDQJHV LQ *ZO ORFDOL]DWLRQ OLNHO\
GLFWDWH ZKHUH (QGRV FDQ EH SKRVSKRU\ODWHG (QGRV LV D VPDOO SURWHLQ WKDWPD\ GLIIXVH IUHHO\
WKURXJKQXFOHDUSRUHVLIQRWERXQGWRRWKHUSURWHLQVEXWLWVORFDOL]DWLRQG\QDPLFVKDYHQRWEHHQ
VWXGLHG3KRVSKRU\ODWLRQRI(QGRVE\*ZOGLUHFWO\ LQ WKH F\WRSODVPFRXOGKHOS LQKLELW33$
7ZV PRUH HIILFLHQWO\ LQ WKDW FRPSDUWPHQW DQG IDFLOLWDWH WKH DFFXPXODWLRQ RI SKRVSKRU\ODWHG
F\FOLQ%&GNVXEVWUDWHVDQGPLWRWLFHQWU\)LJ

)LJXUH$QLQWHJUDWLYHPRGHOIRUWKHVSDWLDOUHJXODWLRQRI*ZO*ZOLVDFWLYHO\LPSRUWHG
LQWKHQXFOHXVLQLQWHUSKDVH,QHDUO\SURSKDVHF\FOLQ%&GNDFWLYDWHV*ZOLQWKHQXFOHXV
)ROORZLQJSKRVSKRU\ODWLRQRI*ZOLQLWVFHQWUDOUHJLRQE\3RORDQGSRVVLEO\E\F\FOLQ
%&GN*ZOWKHQUHORFDOL]HVWRWKHF\WRSODVPEHIRUH1(%'*ZOLVERXQGE\İ
ZKLFKKHOSVLWVUHWHQWLRQLQWKHF\WRSODVPZKHUH*ZOFDQLQDFWLYDWH33$7ZVWRSURPRWH
RUGHUO\PLWRWLFHQWU\6HHWH[WIRUGHWDLOV
2XU UHVXOWV VXJJHVW WKDW WKLV VSDWLDO FRRUGLQDWLRQ RI *ZO UHODWLYH WR RWKHU PLWRWLF
UHJXODWRUV LVFUXFLDO IRU LWV IXQFWLRQ7KHIDFW WKDW WKH ORVVRI*ZOIXQFWLRQDOWRJHWKHUGRHVQRW
SUHYHQW PLWRWLF HQWU\ LQ PDQ\ FHOO W\SHV EXW LQVWHDG OHDGV WR PLWRWLF GHIHFWV >@ DOUHDG\
107

VXJJHVWHG WKDW IDLOXUHRI WKH*ZO33$D[LV LQ WKHPLWRWLF VZLWFK LPSDFWVPLWRWLF HYHQWV DIWHU
1(%' 7KH LGHQWLW\ RI WKH 33$% VXEVWUDWHV WKDW PXVW EH SURWHFWHG E\ *ZO IURP
GHSKRVSKRU\ODWLRQ DW PLWRWLF HQWU\ ILUVW QHHGV WR EH GLVFRYHUHG EHIRUH ZH FDQ GLVVHFW WKH
LPSRUWDQFH RI WKHLU UHJXODWLRQ LQ VSDFH DQG WLPH7KHVH FUXFLDO VXEVWUDWHV FRXOG EH QXFOHDU RU
F\WRSODVPLF ,QWHUHVWLQJO\ ZH IRXQG WKDW WKH QXFOHDU UHWHQWLRQ RI *ZO LQ SURSKDVH GHOD\V
DQDSKDVHRQVHWUHODWLYHWR1(%')LJ7KLVUHVXOWVXJJHVWV WKDW33$%PXVWDFWRQDW
OHDVWRQHQXFOHDUVXEVWUDWHEHIRUH1(%',Q\HDVWLWKDVUHFHQWO\EHHQVKRZQWKDW33$&GF
%SURWHFWVVLVWHUFKURPDWLGFRKHVLRQLQHDUO\PLWRVLVE\DQWDJRQL]LQJ3RORSKRVSKRU\ODWLRQ
RI WKH6FFFRKHVLQ >@$VLPLODUPHFKDQLVP LQDQLPDOFHOOVFRXOG LPSRVHDQHHG IRU*ZO
V
QXFOHDU H[FOXVLRQ LQ ODWH SURSKDVH$OWKRXJK7ZV % LV ODUJHO\ ORFDOL]HG WR WKH F\WRSODVP
EHIRUH 1(%' ZH KDYH IRXQG WKDW LW VKXWWOHV LQ DQG RXW RI WKH QXFOHXV RXU XQSXEOLVKHG
REVHUYDWLRQV

$PHFKDQLVPGLUHFWO\OLQNLQJ*ZODQG3ROR
:HKDYH VKRZQ WKDW WKH VSDWLDO UHJXODWLRQ RI*ZO GHSHQGV LQ SDUW RQ WKH 3ROR NLQDVH
3ROR LQWHUDFWV ZLWK *ZO SKRVSKRU\ODWHV LW LQ LWV FHQWUDO UHJLRQ DQG SURPRWHV LWV F\WRSODVPLF
ORFDOL]DWLRQ )LJV  &RQVLVWHQW ZLWK WKLV PHFKDQLVP LPPXQRVWDLQLQJ LQ V\QF\WLDO
HPEU\RV UHYHDOV WKHSUHVHQFHRI DFWLYHS73ROR LQ SURSKDVHQXFOHL )LJ6%7KLV LV LQ
DJUHHPHQW ZLWK D SUHYLRXV VWXG\ LQ KXPDQ FHOOV XVLQJ D )5(7 SUREH WKDW VKRZHG WKDW 3ON
DFWLYLW\DSSHDUVLQWKHQXFOHXVLQ*DQGLQFUHDVHVWKHUHGXULQJSURSKDVH>@0RUHRYHU*ZO
1/6PXWZKLFKGRHVQRWHQWHUWKHQXFOHXVDSSHDUVOHVVSKRVSKRU\ODWHGWKDQ*ZOZWLQ:HVWHUQ
EORWV)LJ(1/6VDUHRIWHQQHJDWLYHO\UHJXODWHGE\SKRVSKRU\ODWLRQLQWKHLUSUR[LPLW\>@
2QH FODVVLF H[DPSOH LV WKH &GNGHSHQGHQW SKRVSKRU\ODWLRQ DQG QXFOHDU H[FOXVLRQ RI WKH
WUDQVFULSWLRQIDFWRUV6ZLDQG$FHXQWLOPLWRWLFH[LW LQS. cerevisiae >@3KRVSKRU\ODWLRQRI
*ZOE\3RORDQG&GNFRXOGSDUWLDOO\LQDFWLYDWHLWV1/6VE\UHGXFLQJWKHFKDUJHLQWKHLUYLFLQLW\
,QDGGLWLRQELQGLQJRIİWRSKRVSKRU\ODWHG*ZOFRXOGPDVNLWV1/6VWKHUHE\SUHYHQWLQJ
LWV QXFOHDU LPSRUW $ VLPLODU PHFKDQLVP LV NQRZQ WR RSHUDWH WR UHJXODWH WKH &GNDFWLYDWLQJ
SKRVSKDWDVH&'&& LQ KXPDQ FHOOV%LQGLQJ RI  SURWHLQV WR SKRVSKRU\ODWHG&'&&
PHGLDWHVLWVUHWHQWLRQLQWKHF\WRSODVPXQWLOSKRVSKRU\ODWLRQRI&'&&DWRWKHUVLWHVGLVUXSWV
LWVLQWHUDFWLRQZLWKWRDOORZWKHQXFOHDULPSRUWRI&'&&WKDWVWLPXODWHVPLWRWLFHQWU\
>@
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
7KHFXUUHQW VWXG\ VKRZVDGLUHFW FRQQHFWLRQEHWZHHQ3ROR DQG*ZO DQGDOORZVFOHDUHU
LQWHUSUHWDWLRQV RI JHQHWLF UHVXOWV %\ DQWDJRQL]LQJ *ZO¶V QXFOHDU ORFDOL]DWLRQ LQ LQWHUSKDVH
LQFUHDVHG3RORDFWLYLW\OHDYHVOHVV*ZO LQ WKHQXFOHXV)LJZKLFKZRXOGFDXVH*ZO WREH
OHVVHIILFLHQWO\DFWLYDWHGE\F\FOLQ%&GN )LJ:KHQgwl IXQFWLRQ LVDOUHDG\DEURJDWHG
WKLV LV DVVRFLDWHGZLWK OHWKDOLW\ ZLWK IUHTXHQW IDLOXUHV RI V\QF\WLDO QXFOHL WR HQWHUPLWRVLV DV
UHYHDOHG E\ PLVVLQJ PLWRWLF VSLQGOHV XQGHUFRQGHQVHG FKURPRVRPHV DQG DSSDUHQWO\ LQWDFW
QXFOHDUHQYHORSHV)LJ,QDSUHYLRXVUHSRUWZHVKRZHGWKDWWKHFRQYHUVHSHUWXUEDWLRQVRI
WKH*ZO3ROREDODQFH OHDG WR DYHU\GLIIHUHQW SKHQRW\SH)HPDOHV KHWHUR]\JRXV IRU D JDLQRI
IXQFWLRQDOOHOHRIgwlgwlScantDQGIRUDpoloQXOODOOHOHOD\HPEU\RVWKDWIDLOWRKDWFKDQGVKRZ
DKLJKLQFLGHQFHRIPLWRWLFGHIHFWVZLWKGHWDFKHGFHQWURVRPHVLQWKHV\QF\WLXP2YHUH[SUHVVLRQ
RI*ZOZW JHQHWLFDOO\ LQWHUDFWVZLWKpolo K\SRPRUSKV LQ WKH VDPHZD\ >@:H VXEVHTXHQWO\
VKRZHG WKDW *ZO DQWDJRQL]HV 33$7ZV LQ PHLRVLV DQG PLWRVLV FRQVLVWHQW ZLWK WKH PRGHO
SURSRVHGIURPELRFKHPLFDOUHVXOWVLQIURJVH[WUDFWV>@DQGDVH[SHFWHGpoloK\SRPRUSKLF
PXWDWLRQV VWURQJO\ LQWHUDFWHG ZLWK PXWDWLRQV DEURJDWLQJ 33$7ZV >@ $FFRUGLQJ WR RXU
PRGHO)LJORZHULQJ3RORDFWLYLW\ZRXOGOHDGWRDQLQFUHDVHLQ*ZODFWLYLW\LQWKHQXFOHXV
UHVXOWLQJLQWKHPLWRWLFGHIHFWVDQGGHDWKREVHUYHGZKHQ*ZODFWLYLW\LVDOUHDG\LQFUHDVHG>@RU
ZKHQ33$7ZV DFWLYLW\ LV UHGXFHG >@&RQVLVWHQWZLWK WKLVPRGHO UHWHQWLRQ RI*ZO LQ WKH
QXFOHXV LQSURSKDVHE\PXWDWLRQRI3RORFRQVHQVXVVLWHV LQ WKHFHQWUDO UHJLRQRI*ZO OHDGV WR
ORQJPLWRWLFGHOD\VHYHQLQWKHSUHVHQFHRIHQGRJHQRXV*ZO)LJ,WUHPDLQVSRVVLEOHWKDW
WKHJHQHWLF LQWHUDFWLRQVEHWZHHQ3ROR*ZODQG33$7ZVUHIOHFWPXOWLSOH OHYHOVRIIXQFWLRQDO
LQWHUDFWLRQV>@

$PRGHRIUHJXODWLRQWKDWFRXOGEHJHQHUDOO\FRQVHUYHG
2XU UHVXOWV DOORZ XV WR DVFULEH D ILUVW UROH WR WKH FHQWUDO UHJLRQ RI *ZO ZKLFK LV WR
UHJXODWHLWVORFDOL]DWLRQLQWKHFHOOF\FOH7KHODUJHQXPEHURI3RORSKRVSKRU\ODWLRQVLWHVLQ*ZO
DQGWKHIDFWWKDWWKH\WHQGWREHSRRUO\FRQVHUYHGZKHQFRQVLGHUHGLQGLYLGXDOO\GDWDQRWVKRZQ
VXJJHVWVWKDWQRVLQJOH3RORSKRVSKRU\ODWLRQVLWHDORQHPD\EHUHVSRQVLEOHIRUWKHUHJXODWLRQRI
*ZO¶VORFDOL]DWLRQ,QGHHGLWKDVEHHQSURSRVHGWKDWPDQ\SK\VLRORJLFDOO\LPSRUWDQWPXOWLVLWH
SKRVSKRU\ODWLRQ HYHQWV RFFXU LQ SURWHLQ VHJPHQWV ZKRVH JHQHUDO SRVLWLRQ DQG IXQFWLRQ LV
FRQVHUYHG EXW ZKRVH SUHFLVH DPLQRDFLG VHTXHQFH LV QRW FRQVHUYHG > @ $OWKRXJK WKH
FHQWUDO UHJLRQ RIDrosophila*ZO WKDW FRQWDLQV WKH1/6V LV SRRUO\ FRQVHUYHG LQ VHTXHQFH LWV
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IXQFWLRQLQUHJXODWLQJORFDOL]DWLRQLQDSKRVSKRU\ODWLRQGHSHQGHQWPDQQHUFRXOGEHFRQVHUYHGLQ
*ZORUWKRORJVLQFOXGLQJ0$67/LQKXPDQV
7KH \HDVW RUWKRORJ RI*ZO5LP LV NQRZQ WR EH UHJXODWHG LQ LWV QXFOHRF\WRSODVPLF
ORFDOL]DWLRQLQUHVSRQVHWRSKRVSKRU\ODWLRQ>@,QWKLVFDVHWKH725DQG6FK3.%KRPRORJ
NLQDVHVSURPRWHWKHF\WRSODVPLFORFDOL]DWLRQRI5LPEXWWKHPROHFXODUPHFKDQLVPVKDYHQRW
EHHQ IXOO\ H[SORUHG $OWKRXJK 5LP DQG LWV VXEVWUDWHV ,JR KDYH EHHQ LPSOLFDWHG LQ WKH
UHJXODWLRQRIP51$PHWDEROLVPLQ*>@DQGQRWLQPLWRWLFHQWU\DVIRU*ZOWKHPROHFXODU
PHFKDQLVPVUHJXODWLQJ5LPDQG*ZOFRXOGVKDUHJHQHUDOIHDWXUHV
7KHUHFHQWGLVFRYHU\RIWKH*ZO33$D[LVDQGRILWVPDMRUUROHLQFHOOF\FOHUHJXODWLRQ
ZDVEURXJKWE\Drosophila JHQHWLFV DQGELRFKHPLVWU\ LQXenopus H[WUDFWVEXW WKH VXEFHOOXODU
VSDWLDO G\QDPLFV RI WKH SDWKZD\ KDG EHHQ OLWWOH H[SORUHG +HUH ZH KDYH VKRZQ WKDW *ZO LV
VSDWLDOO\ UHJXODWHG LQ WKH FHOO F\FOH DQG WKDW WKLV DVSHFW RI LWV IXQFWLRQ LV HVVHQWLDO in vivo
0RUHRYHUZHKDYHXQFRYHUHGDPROHFXODUPHFKDQLVPUHVSRQVLEOHIRUWKLVUHJXODWLRQRI*ZOWKDW
WDUJHWV LWV FHQWUDO UHJLRQ IRU ZKLFK QR IXQFWLRQ ZDV SUHYLRXVO\ NQRZQ 1XFOHRF\WRSODVPLF
FRRUGLQDWLRQ RI WKHPDLQPLWRWLF UHJXODWRUV LQFOXGLQJ*ZO DSSHDUV OLNH D FUXFLDO OHYHO RI FHOO
F\FOHFRQWURO

0$7(5,$/6	0(7+2'6
)O\FXOWXUHDQGWUDQVJHQHVLV7UDQVJHQLFIOLHVZHUHPDGHE\%HVW*HQH,QFE\3HOHPHQW
EDVHG LQVHUWLRQV LQ WKHw1118EDFNJURXQGUASp-GWL-GFP IOLHVZHUHSXEOLVKHGHOVHZKHUH >@
7KH ZLOGW\SH VWUDLQ XVHG ZDV 2UHJRQ 5 9LDELOLW\ DQG IHUWLOLW\ WHVWV LQ JHQHWLF UHVFXH
H[SHULPHQWVZHUHFRQGXFWHGDVGHVFULEHG>@%ULHIO\IRUIHUWLOLW\WHVWVZHOOIHGIHPDOHVLQWKH
SUHVHQFHRIPDOHVZHUHSODFHGLQWXEHVFRQWDLQLQJJUDSHMXLFHDJDUDQGDOORZHGWROD\HJJVIRU
GD\ EHIRUH EHLQJ UHPRYHG 7KH SHUFHQWDJH RI KDWFKHG HPEU\RV ZDV VFRUHG  KUV ODWHU )RU
YLDELOLW\ WHVWV IOLHVZHUH FURVVHG DQG WKHQXPEHURI REVHUYHG IOLHV RI WKHJHQRW\SHRI LQWHUHVW
UHODWLYHWRWKHLUH[SHFWHGQXPEHULQWKHSURJHQ\ZDVH[SUHVVHGDVDSHUFHQWDJH

 '1$ FRQVWUXFWV 0RVW H[SUHVVLRQ YHFWRUV ZHUH JHQHUDWHG LQ WKH *DWHZD\ V\VWHP
,QYLWURJHQ&RGLQJVHTXHQFHVZHUHILUVWFORQHGLQWRWKHS'215ȜHQWU\YHFWRU7KH\ZHUH
WKHQUHFRPELQHGZLWKGHVWLQDWLRQYHFWRUV WRJHQHUDWH WKHIROORZLQJH[SUHVVLRQSODVPLGVS07
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*)3*ZOS07*ZO*)3S$&*ZO0\FS$&*ZO7$3S$&3U$*)3S$&*ZO3U$
S073ROR7'*)3 S$&+$YP5)3 S8$6S*ZO3U$ S8$6S0\F*ZO S8$6S3ROR
0\FS$&3ROR3U$S$&3U$İS$&3U$ȗDVZHOODVDOOUHODWHGWUXQFDWLRQV
DQGPXWDQWV7KHS'(67*67*ZOYHFWRUZDVDJLIWRI+pOqQH5DQJRQH3RLQWPXWDQWVZHUH
JHQHUDWHGE\4XLFN&KDQJH6WUDWDJHQHLQHQWU\FORQHVRUZHUHV\QWKHVL]HGE\%LR%DVLF

 &HOO FXOWXUH $OO FHOOV ZHUH LQ WKH '0HO '0HO EDFNJURXQG DQG ZHUH FXOWXUHG LQ
([SUHVV)LYHPHGLXP,QYLWURJHQ6WDEOHFHOOOLQHVH[SUHVVLQJS07*)3*:/S07*ZO*)3
:7DQGPXWDQWVWDJJHGSURWHLQVZHUHJHQHUDWHGDVGHVFULEHG>@%ULHIO\VHOHFWLRQZDVEDVHG
RQ UHVLVWDQFH WR  JPO EODVWLFLGLQ  ,QGXFLEOH S07EDVHG YHFWRUV DOUHDG\ FRQWDLQHG WKH
UHVLVWDQFHJHQHZKLOHRWKHUYHFWRUGLGQRWDQGZHUHFRWUDQVIHFWHGZLWKS&R%DVW

,PPXQRIOXRUHVFHQFHDQG:HVWHUQEORWWLQJ$QWLERGLHVXVHGLQLPPXQRIOXRUHVFHQFHDQG
:HVWHUQEORWWLQJZHUHDQWLĮ7XEXOLQ</6LJPDDQWLȖ7XEXOLQ*786LJPDDQWLODPLQ
DQGDQWLF\FOLQ%ERWKIURP'6+%DQWL0\F(6DQWD&UX]DQWL3ROR0$JLIWIURP
'DYLG *ORYHU DQWLS73ROR %LROHJHQG UDEELW ,J* IRU 3U$ LQ 7$3 WDJ DQG DQWL*ZO
FXVWRPPDGH DJDLQVW IXOOOHQJWK *ZO E\ *HQVFULSW ,PPXQRIOXRUHVFHQFH LQ HPEU\RV DQG LQ
FHOOVZDVGRQHDVGHVFULEHG>@%ULHIO\FHOOVZHUHIL[HGZLWKIRUPDOGHK\GHIRUPLQDQG
SHUPHDELOL]HGDQGEORFNHGLQ3KRVSKDWH%XIIHU6DOLQH3%6FRQWDLQLQJ7ULWRQ;DQG
%6$3%67%&HOOVZHUHLQFXEDWHGZLWKSULPDU\DQWLERG\GLOXWHGLQ3%67%IRUKWR21
ZDVKHGWLPHVLQ3%67%DQGLQFXEDWHGZLWKVHFRQGDU\DQWLERGLHVIRUKWRK&HOOVZHUH
ZDVKHGVHYHUDOWLPHVLQ3%67%DQGRQFHLQ3%6EHIRUHEHLQJPRXQWHGLQ9HFWDVKLHOGPHGLXP
FRQWDLQLQJ'$3,=HUR WR  K ROG HPEU\RVZHUH GHFKRULRQDWHG LQEOHDFK EHIRUH IL[DWLRQ
XVLQJ IRUPDOGHK\GHDQGPHWKDQRO(PEU\RVZHUH WKHQ UHK\GUDWHGSHUPHDELOL]HGEORFNHGDQG
LQFXEDWHGZLWK DQWLERGLHV'$3,ZDV DGGHG LQ WKH VHFRQGDU\ DQWLERGLHV VROXWLRQ DQGHPEU\RV
ZHUHPRXQWHGLQ9HFWDVKLHOG

0LFURVFRS\&HOOVVKRZQLQ)LJZHUHDFTXLUHGRQD=HLVV$[LR,PDJHUPLFURVFRSHZLWK
D[RLOREMHFWLYH1$',&,,,DQGDQ$[LR&DP+5PFDPHUDXVLQJ$[LR9LVLRQVRIWZDUH
$OO RWKHU LPDJHV RI IL[HG FHOOV DQG HPEU\RV ZHUH DFTXLUHG RQ D =HLVV  0HWD FRQIRFDO
PLFURVFRSHZLWKD[RLOREMHFWLYH1$',&,,,XVLQJ/60VRIWZDUH7LPHODSVH
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LPDJLQJ RI HPEU\RVZDV GRQH RQ D1LNRQ(FOLSVH 7L 6ZHSW)LHOGPLFURVFRSHZLWK D [ RLO
REMHFWLYH1$DQGD3KRWRPHWULFV4XDQWXP6&FDPHUDXVLQJ1,6(OHPHQWVRIWZDUH
7LPHODSVH LPDJLQJ RI *)3*ZO RU *ZO*)3 H[SUHVVLQJ FHOOV ZDV SHUIRUPHG XVLQJ DQ
8OWUDYLHZ9R[ VSLQQLQJ GLVF FRQIRFDO V\VWHP 3HUNLQ(OPHU D SODQ$SR [ RLO LPPHUVLRQ
REMHFWLYH 1$  DQG DQ 2UFD5 &&' FDPHUD +DPDPDWVX ZLWK [ ELQQLQJ DQG XVLQJ
9RORFLW\ VRIWZDUH ,PSURYLVLRQ3HUNLQ(OPHU 0RYLHV6 WR6)LJ2WKHU WLPH
ODSVHLPDJHVZHUHDFTXLUHGRQD'HOWD9LVLRQPLFURVFRSHZLWKD[RLOREMHFWLYH1$DQG
D3KRWRPHWULFV&RRO61$3+4FDPHUDZLWKELQQLQJ[DW&XVLQJ6RIW:R5[([SORUHU
)LJ'7KHTXDQWLILFDWLRQVLQ)LJ%DQG'ZHUHGRQHXVLQJ,PDJH-$OOLPDJHVZHUH
DFTXLUHGDWURRPWHPSHUDWXUHXQOHVVRWKHUZLVHVSHFLILHG

 $IILQLW\ SXULILFDWLRQV 3URWHLQ $ DIILQLW\ SXULILFDWLRQV IURP FHOOV ZHUH FDUULHG RXW
HVVHQWLDOO\ DV GHVFULEHG >@ %ULHIO\ SHOOHWHG FHOOV IURP FRQIOXHQW  FP IODVNV ZHUH
UHVXVSHQGHG LQ DSSUR[LPDWHO\YROXPHVRI O\VLV EXIIHU DQGSDVVHG WKURXJK D QHHGOH VHYHUDO
WLPHV XVLQJ D V\ULQJH/\VDWHVZHUH FODULILHG E\ FHQWULIXJDWLRQ IRU PLQ DW  USP LQ D
WDEOHWRS FHQWULIXJH 6XSHUQDWDQWV ZHUH LQFXEDWHG ZLWK  O RI ,J*FRQMXJDWHG '\QD%HDGV
,QYLWURJHQ IRU WRKRXUVDQGZDVKHGZLWK O\VLVEXIIHU WR WLPHV IRUPLQ3XULILFDWLRQ
SURGXFWVZHUHHOXWHGE\KHDWLQJDW&IRUPLQLQ6'63$*(/DHPPOLEXIIHU6LJPDDQG
DQDO\]HG E\ :HVWHUQ EORWWLQJ 3XULILFDWLRQV IURP HPEU\RV ZHUH SHUIRUPHG IROORZLQJ YHU\
VLPLODU SURWRFRO =HUR WR  KUV ROG HPEU\RV ZHUH FUXVKHG WKRXURXJKO\ LQ O\VLV EXIIHU DQG
FHQWULIXJDWHGIRUPLQDWUSPLQDWDEOHWRSFHQWULIXJH&ODULILHGVXSHUQDWDQWVZHUHWDNHQ
ZLWKRXWGLVWXUELQJWKHIDWW\OD\HURQWRS7KHFHQWULIXJDWLRQZDVUHSHDWHGDQGDQ\UHVLGXDOIDWW\
IUDFWLRQZDVGLVFDUGHG7KHUHPDLQLQJVWHSVRIWKHSXULILFDWLRQVZHUHDVZLWKFHOOV

.LQDVHDVVD\V$FWLYH+,63RORREWDLQHGIURP6IFHOOVZDVXVHGWRSKRVSKRU\ODWH*67
*ZOREWDLQHGIURPEDFWHULDOH[SUHVVLRQ&\FOLQ%&GNKXPDQZDVIURP0LOOLSRUH5HDFWLRQV
ZHUHGRQHLQNLQDVHEXIIHUP0.+(3(6P00J&OP0'770$73&L3
Ȗ$73 DW & IRU PLQ DQG VWRSSHGZLWK WKH DGGLWLRQ RI /DHPPOL EXIIHU 3URGXFWVZHUH
UHVROYHGE\6'63$*(DQGWUDQVIHUUHGRQWRQLWURFHOOXORVHIRUDXWRUDGLRJUDSK\

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 3KRVSKRU\ODWLRQ VLWH PDSSLQJ 6DPSOHV ZHUH UHFRQVWLWXWHG LQ  P0 DPPRQLXP
ELFDUERQDWHZLWKP07&(3DQGYRUWH[HGIRUKRXUDW&&KORURDFHWDPLGHZDVDGGHGIRU
DON\ODWLRQWRDILQDOFRQFHQWUDWLRQRIP06DPSOHVZHUHYRUWH[HGIRUDQRWKHUKRXUDW&
JRI WU\SVLQZDVDGGHGDQG WKHGLJHVWLRQZDVFDUULHGRXW IRUKRXUVDW&6DPSOHVZHUH
GULHGGRZQDQGVROXELOL]HGLQ$&1IRUPLFDFLG)$6DPSOHVZHUHORDGHGRQDKRPH
PDGH & SUHFROXPQ  PP LG [  PP FRQQHFWHG GLUHFWO\ WR WKH VZLWFKLQJ YDOYH DQG
VHSDUDWHG RQ D KRPHPDGH UHYHUVHGSKDVH FROXPQ  P LG [  PP ZLWK D PLQ
JUDGLHQW IURP ± DFHWRQLWULOH  )$ DQG D  QOPLQ IORZ UDWH RQ DQ (NVLJHQW
QDQR/&'V\VWHP(NVLJHQW'XEOLQ&$FRQQHFWHG WRDQ/742UELWUDS(OLWH 7KHUPRILVKHU
6DQ -RVH&$(DFK IXOO06 VSHFWUXPDFTXLUHGZLWK D UHVROXWLRQZDV IROORZHGE\
0606VSHFWUDZKHUH WKHPRVW DEXQGDQWPXOWLSO\FKDUJHG LRQVZHUH VHOHFWHG IRU0606
VHTXHQFLQJ7DQGHP06H[SHULPHQWVZHUHSHUIRUPHGXVLQJFROOLVLRQLQGXFHGGLVVRFLDWLRQLQWKH
OLQHDU LRQ WUDS 7KH GDWDZHUH SURFHVVHG XVLQJ WKH0DVFRW  0DWUL[ 6FLHQFH 8. DQG WKH
8QLSURWDrosophila melanogaster GDWDEDVH  VHTXHQFHV 7ROHUDQFHV RQ SUHFXUVRUV DQG
IUDJPHQWV ZHUH  SSP DQG  'D UHVSHFWLYHO\ 9DULDEOH VHOHFWHG SRVWWUDQVODWLRQDO
PRGLILFDWLRQVZHUHFDUEDPLGRPHWK\O&R[LGDWLRQ0GHDPLGDWLRQ14DQGSKRVSKRU\ODWLRQ
67<

51$LQWHUIHUHQFHGV51$VFRUUHVSRQGLQJWRWKH GWLFRGLQJVHTXHQFHEHWZHHQES
DQGRU WR WKHEDFWHULDONDQDP\FLQUHVLVWDQFHJHQHDVFRQWUROZHUHV\QWKHVL]HGDIWHU3&5
XVLQJ7 VHTXHQFHFRQWDLQLQJSULPHUVXVLQJ WKH75LERPD[NLW 3URPHJD7RREWDLQ51$L
UHVLVWDQWIRUPVRI*ZO*)3ZHUHSODFHGDOOFRGRQVLQWKHUHJLRQWDUJHWHGE\WKH*:/GV51$
ZLWK DOWHUQDWLYH FRQVHUYDWLYH FRGRQV '1$ FDVVHWWHV ZHUH V\QWKHVL]HG E\ %LR%DVLF ZHUH
VXEFORQHGLQWRS'215*:/:7DQG1/6PXWDOORZLQJWKHJHQHUDWLRQRIS07*ZO5(6*)3
DQG S07*ZO1/6PXW5(6*)3 IRU FRSSHULQGXFLEOH H[SUHVVLRQ 6WDEOH FHOO OLQHV ZHUH
JHQHUDWHGZLWKWKHVHFRQVWUXFWLRQV7KHGD\EHIRUH51$LWUHDWPHQWFHOOVZHUHSODWHGLQ
PORIPHGLXP LQZHOO SODWHV51$LZDV LQGXFHGZLWKJRIGV51$ WUDQVIHFWHGZLWK
7UDQVIDVW3URPHJD&HOOVZHUHDQDO\]HGDIWHUGD\V

3UHSDUDWLRQ RI*67IXVLRQSURWHLQV2YHUQLJKWFXOWXUHVRI%/E. Coli WUDQVIRUPHG
ZLWKS*(;İRUȗRUFRUUHVSRQGLQJPXWDQWV.(İRU.(ȗZHUHGLOXWHGLQWR
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 PO DQG H[SUHVVLRQ LQGXFHG ZLWK  P0 ,37* LVRSURS\O ȕ'WKLRJDODFWRS\UDQRVLGH
RYHUQLJKW DW&&HOOVZHUHSHOOHWHGDQG UHVXVSHQGHG LQPORI3%60('7$
7ULWRQ; DQG VXSSOHPHQWHG ZLWK  P0 306) SKHQ\OPHWK\OVXOIRQ\O IOXRULGH JPO
SHSVWDWLQ $ JPO OHXSHSWLQ DQG P0 306) %DFWHULDO FHOO VXVSHQVLRQV ZHUH O\VHG E\
VRQLFDWLRQDQGH[WUDFWVZHUHFHQWULIXJDWHGDWîJIRUPLQXWHVDQGZHUHVWRUHGLQPO
DOLTXRWV DW &XQWLO XVHG)RUSUHSDUDWLRQRIEHDGV PORI FODULILHG H[WUDFWZDV LQFXEDWHG
ZLWKȝORIZDVKHGVOXUU\RIJOXWDWKLRQH±DJDURVH*%LRVFLHQFHVIRUKUV%HDGVZHUH
ZDVKHGIRXUWLPHVZLWK3%60('7$7ULWRQ;DQGWKHQWKUHHWLPHVZLWKFHOOO\VLV
EXIIHUVHHEHORZ3ULRUWRXVH*67ERXQGSURWHLQZDVQRUPDOL]HGDQGTXDQWLILHGXVLQJ
FRPPDVVLH VWDLQLQJ RI %6$ %RYLQH 6HUXP $OEXPLQ DV D VWDQGDUG $OO H[SHULPHQWV ZHUH
SHUIRUPHGDW&

*67SXOOGRZQDVVD\)RUSXOOGRZQDVVD\V'0HOFHOOVZHUHZDVKHGZLWKLFHFROG3%6
DQG O\VHG LQ ௗP0 .32 ௗP0 ('7$ ௗP0 (*7$ ௗP0 0J&O ௗP0 ȕ
JO\FHURSKRVSKDWH  13  %ULM   GHR[\FKROLF DFLG ௗP0 VRGLXP
RUWKRYDQDGDWH 1D92ௗP0306)DQG&RPSOHWHSURWHDVH LQKLELWRUV 5RFKH,QGLDQDSROLV
,186$&ODULILHG O\VDWHVZHUH LQFXEDWHGZLWKJRI*67ERXQGSURWHLQV IRU WZR
KRXUVIROORZLQJZKLFKEHDGVZHUHZDVKHGWKUHHWLPHVZLWKFHOOO\VLVEXIIHUSULRUWR6'63$*(
DQGLPPXQREORWWLQJ

 2QOLQH 6XSSOHPHQWDO0DWHULDOV )LJ 6 VKRZV WKDW WKH ORFDOL]DWLRQ RI*ZO LV FHOO
F\FOH UHJXODWHG LQ HPEU\RV DQG LV D FRPSOHPHQW WR )LJ  ,W DOVR VKRZV WKDW DFWLYH 3ROR LV
QXFOHDU LQ SURSKDVH )LJ 6 VKRZV D VHTXHQFH DOLJQPHQW EHWZHHQ *ZO RUWKRORJV IURP
DrosophilaDQGPRVTXLWRVSHFLHVZKHUHWKH1/6PRWLIVDUHFRQVHUYHG)LJ6GRFXPHQWVWKH
SKRVSKRU\ODWLRQ VLWH PDSSLQJ LQ *ZO )LJ 6 VKRZV WKDW 3ROR SKRVSKRU\ODWLRQ RI *ZO
SURPRWHVLWVF\WRSODVPLFORFDOL]DWLRQDVDFRPSOHPHQWWR)LJ)LJ6VKRZVWKDWF\FOLQ%LV
LPSRUWHGLQWKHQXFOHXVZKLOH*ZOLVVWLOOLQWKHQXFOHXV0RYLHV6WR6VKRZWLPHODSVH
LPDJLQJRIPLWRVLV LQD'0HOFHOOH[SUHVVLQJ*)3*ZO6*)3691/6*ZO6*ZO
*)36*ZO3ROR$*)36DQG*ZO&GN$*)36
 
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$&.12:/('*0(176
:HWKDQN'DPLHQ'¶$PRXUVDQG9LQFHQW%RXGUHDXIRUFRPPHQWVRQWKHPDQXVFULSW%HQMDPLQ
.ZRN DQG /DPD 7DOMH IRU SURGXFLQJ DFWLYH +,63ROR NLQDVH DQG &KULVWLDQ &KDUERQQHDX DW
,5,&¶V,PDJLQJIDFLOLW\:HWKDQN'DYLG*ORYHUIRUSURYLGLQJ3RORDQWLERG\+pOqQH5DQJRQH
IRUWKHSODVPLGIRUEDFWHULDOH[SUHVVLRQRI*67*ZODQG3DW2¶)DUUHOOIRU+$Y5)3IOLHV3:
KROGVDVWXGHQWVKLSIURPWKH)RQGVGHUHFKHUFKHGX4XpEHF±6DQWp)546DQG-$*KROGVD
SRVWGRFWRUDOIHOORZVKLSIURPWKH&DQDGLDQ,QVWLWXWHVRI+HDOWK5HVHDUFK&,+57KLVZRUNZDV
VXSSRUWHGE\D+XPDQ)URQWLHU6FLHQFH3URJUDP&DUHHU'HYHORSPHQW$ZDUGDQGE\JUDQWVIURP
WKH&,+5WR9$DQG3359$KROGVD1HZ,QYHVWLJDWRU$ZDUGIURPWKH&,+5DQG335KROGV
WKH&DQDGD5HVHDUFK&KDLULQ6LJQDO7UDQVGXFWLRQDQG3URWHRPLFV,5,&LVVXSSRUWHGLQSDUWE\
WKH&DQDGLDQ&HQWHURI([FHOOHQFHLQ&RPPHUFLDOL]DWLRQDQG5HVHDUFKWKH&DQDGD)RXQGDWLRQ
IRU,QQRYDWLRQDQGWKH)546
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SURSKDVH,PPXQRIOXRUHVFHQFHLQV\QF\WLDOHPEU\RVXVLQJDQDQWLERG\VSHFLILFIRUWKH
SKRVSKRU\ODWHG7ORRSDFWLYDWLRQVLWHRI3ROR7DQGĮ7XEXOLQ1RWHWKHQXFOHDU
ORFDOL]DWLRQRI3RORS7LQSURSKDVHUHGDUURZKHDG6FDOHEDUVP

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)LJXUH 6 6HTXHQFH DOLJQPHQW EHWZHHQ *ZO RUWKRORJV IURPDrosophila DQGPRVTXLWR
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 0RUJDQ'2The Cell Cycle: Principles of Control3ULPHUVLQ%LRORJ\/RQGRQ
1HZ6FLHQFH3UHVV
 0RFKLGD6HWDORegulated activity of PP2A-B55 delta is crucial for controlling entry 
into and exit from mitosis in Xenopus egg extracts.(PER-S
 6FKPLW] 0+ HW DO Live-cell imaging RNAi screen identifies PP2A-B55alpha and 
importin-beta1 as key mitotic exit regulators in human cells.1DW&HOO%LROS

 0D\HU-DHNHO 5( HW DO Drosophila mutants in the 55 kDa regulatory subunit of 
protein phosphatase 2A show strongly reduced ability to dephosphorylate substrates of 
p34cdc2.-&HOO6FL3WS
 $UFKDPEDXOW 9 DQG '0 *ORYHUPolo-like kinases: conservation and divergence in 
their functions and regulation.1DW5HY0RO&HOO%LROS
 &DUPHQD065XFKDXGDQG:&(DUQVKDZMaking the Auroras glow: regulation of 
Aurora A and B kinase function by interacting proteins.&XUU2SLQ&HOO%LRO
S
 <X - HW DO Greatwall kinase: a nuclear protein required for proper chromosome 
condensation and mitotic progression in Drosophila.-&HOO%LROS
 $UFKDPEDXOW 9 HW DO Mutations in Drosophila Greatwall/Scant reveal its roles in 
mitosis and meiosis and interdependence with Polo kinase.3/R6*HQHWS
H
 *ORYHU'0The overlooked greatwall: a new perspective on mitotic control.2SHQ%LRO
S
 %HWWHQFRXUW'LDV 0 HW DOGenome-wide survey of protein kinases required for cell 
cycle progression.1DWXUHS
 <X-HWDOGreatwall kinase participates in the Cdc2 autoregulatory loop in Xenopus 
egg extracts.0RO&HOOS
 &DVWLOKR 39 HW DO The M phase kinase Greatwall (Gwl) promotes inactivation of 
PP2A/B55delta, a phosphatase directed against CDK phosphosites.0RO%LRO&HOO
S
 9LJQHURQ6HWDOGreatwall maintains mitosis through regulation of PP2A.(0%2-
S
 %XUJHVV$ HW DOLoss of human Greatwall results in G2 arrest and multiple mitotic 
defects due to deregulation of the cyclin B-Cdc2/PP2A balance.3URF1DWO$FDG6FL86
$S
 :DQJ3;3LQVRQDQG9$UFKDPEDXOWPP2A-twins is antagonized by greatwall and 
collaborates with polo for cell cycle progression and centrosome attachment to nuclei in 
drosophila embryos.3/R6*HQHWSH
 5DQJRQH + HW DO Suppression of scant identifies Endos as a substrate of greatwall 
kinase and a negative regulator of protein phosphatase 2A in mitosis.3/R6*HQHW
SH
 *KDUEL$\DFKL$HWDOThe substrate of Greatwall kinase, Arpp19, controls mitosis by 
inhibiting protein phosphatase 2A.6FLHQFHS
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 0RFKLGD6HWDOGreatwall phosphorylates an inhibitor of protein phosphatase 2A that 
is essential for mitosis.6FLHQFHS
 /RUFD7DQG$&DVWURThe Greatwall kinase: a new pathway in the control of the cell 
cycle.2QFRJHQHS
 9LJQHURQ6HWDOCharacterization of the mechanisms controlling Greatwall activity.
0RO&HOO%LROS
 %ODNH+RGHN .$ HW DO Determinants for activation of the atypical AGC kinase 
Greatwall during M phase entry.0RO&HOO%LROS
 3HQJ $ /:DQJ DQG /$ )LVKHUGreatwall and Polo-like kinase 1 coordinate to 
promote checkpoint recovery.-%LRO&KHPS
 9RHWV(DQG50:ROWKXLVMASTL is the human orthologue of Greatwall kinase that 
facilitates mitotic entry, anaphase and cytokinesis.&HOO&\FOHS
 /DQJH $ HW DO Classical nuclear localization signals: definition, function, and 
interaction with importin alpha.-%LRO&KHPS
 .DOGHURQ'HWDOA short amino acid sequence able to specify nuclear location.&HOO
3WS
 (OLD $( HW DO The molecular basis for phosphodependent substrate targeting and 
regulation of Plks by the Polo-box domain.&HOOS
 3DUN-(HWDOPolo-box domain: a versatile mediator of polo-like kinase function.&HOO
0RO/LIH6FLS
 $UFKDPEDXOW9HWDOSequestration of Polo kinase to microtubules by phosphopriming-
independent binding to Map205 is relieved by phosphorylation at a CDK site in mitosis.
*HQHV'HYS
 %RQQHU$0 HW DOBinding of Drosophila Polo kinase to its regulator Matrimony is 
noncanonical and involves two separate functional domains.3URF1DWO$FDG6FL86$
S(
 6DQWDPDULD$HWDOThe Plk1-dependent phosphoproteome of the early mitotic spindle.
0RO&HOO3URWHRPLFVS0
 *DUGLQR$. DQG0%<DIIH14-3-3 proteins as signaling integration points for cell 
cycle control and apoptosis.6HPLQ&HOO'HY%LROS
 =KDQJ / HW DO Raf-1 kinase and exoenzyme S interact with 14-3-3zeta through a 
common site involving lysine 49.-%LRO&KHPS
 'RPLQJR6DQDQHV05HWDOSwitches and latches: a biochemical tug-of-war between 
the kinases and phosphatases that control mitosis.3KLORV7UDQV56RF/RQG%%LRO6FL
S
 0F&OHODQG0/ -$)DUUHOODQG3+2
)DUUHOO Influence of cyclin type and dose on 
mitotic entry and progression in the early Drosophila embryo.-&HOO%LRO
S
 6DQWRV6'HWDOSpatial positive feedback at the onset of mitosis.&HOOS

 /LQGTYLVW $ 9 5RGULJXH]%UDYR DQG 5+0HGHPDThe decision to enter mitosis: 
feedback and redundancy in the mitotic entry network.-&HOO%LROS

 *DYHW2DQG-3LQHVActivation of cyclin B1-Cdk1 synchronizes events in the nucleus 
and the cytoplasm at mitosis.-&HOO%LROS
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
 *DYHW 2 DQG - 3LQHVProgressive activation of CyclinB1-Cdk1 coordinates entry to 
mitosis.'HY&HOOS
 +DUD0HWDOGreatwall kinase and cyclin B-Cdk1 are both critical constituents of M-
phase-promoting factor.1DW&RPPXQS
 <DDNRY * . 7KRUQ DQG '2 0RUJDQ Separase biosensor reveals that cohesin 
cleavage timing depends on phosphatase PP2A(Cdc55) regulation.'HY&HOO S

 0DFXUHN/ HW DOPolo-like kinase-1 is activated by aurora A to promote checkpoint 
recovery.1DWXUH
 1DUGR]]L -' . /RWW DQG * &LQJRODQL Phosphorylation meets nuclear import: a 
review.&HOO&RPPXQ6LJQDOS
 0ROO7HWDOThe role of phosphorylation and the CDC28 protein kinase in cell cycle-
regulated nuclear import of the S. cerevisiae transcription factor SWI5.&HOO
S
 *UDYHV35HWDOLocalization of human Cdc25C is regulated both by nuclear export 
and 14-3-3 protein binding.2QFRJHQHS
 .XPDJDL $ 36 <DNRZHF DQG :* 'XQSK\ 14-3-3 proteins act as negative 
regulators of the mitotic inducer Cdc25 in Xenopus egg extracts.0RO%LRO&HOO
S
 .XPDJDL$DQG:*'XQSK\Binding of 14-3-3 proteins and nuclear export control 
the intracellular localization of the mitotic inducer Cdc25.*HQHV'HY S

 6HUEHU = DQG -( )HUUHOO -UTuning bulk electrostatics to regulate protein function.
&HOOS
 +ROW /- HW DO Global analysis of Cdk1 substrate phosphorylation sites provides 
insights into evolution.6FLHQFHS
 3HGUX]]L , HW DOTOR and PKA signaling pathways converge on the protein kinase 
Rim15 to control entry into G0.0RO&HOOS
 7DODUHN1HWDOInitiation of the TORC1-regulated G0 program requires Igo1/2, which 
license specific mRNAs to evade degradation via the 5'-3' mRNA decay pathway.0RO
&HOOS
 '
$YLQR33HWDO Isolation of protein complexes involved in mitosis and cytokinesis 
from Drosophila cultured cells.0HWKRGV0RO%LROS
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
'R33$7ZVDQG3RORIXQFWLRQLQWKHVDPHRUSDUDOOHOSDWKZD\V"
 ,QRXUODERUDWRU\ZHKDYHFRQGXFWHGDJHQHWLFVFUHHQLQDrosophilaHPEU\RVWRLGHQWLI\
JHQHV IXQFWLRQLQJ FORVHO\ ZLWK polo DQG gwl :H IRXQG WKDW ERWK WKH FDWDO\WLF VXEXQLW JHQH
microtubulestar/mtsRI33$DQGLWV%W\SHUHJXODWRU\VXEXQLWJHQHtwins/twsJHQHWLFDOO\
FROODERUDWHZLWKpoloEXWDUHDQWDJRQL]HGE\gwl>@:HVKRZHGWKDWIHPDOHIOLHVKHWHUR]\JRXV
IRU DQ DPRUSKLFPXWDQW RIpolo polo11 ODLG HPEU\RVZKHUH FHQWURVRPHV GHWDFKHG IUHTXHQWO\
IURPQXFOHLPRVWO\LQSURSKDVHZKHUHDVIHPDOHVKHWHUR]\JRXVIRUDVWURQJK\SRPRUSKLFDOOHOH
RItws twsPODLGHPEU\RVZKHUHFHQWURVRPHVGHWDFKHGLQWHORSKDVH>@7KHUHIRUHZHVXSSRVHG
WKDW 3ROR DQG 33$%7ZV DFW LQ SDUDOOHO SDWKZD\V WR HQVXUH WKH FRKHVLRQ EHWZHHQ
FHQWURVRPHVDQGQXFOHL ,QGHHGDOWKRXJKLWZDVGHPRQVWUDWHGWKDWERWK3RORDQG7ZV%DUH
UHTXLUHG IRU FHQWURVRPHPDWXUDWLRQ QR FRPPRQ VXEVWUDWH RI ERWK SURWHLQV DW FHQWURVRPHZDV
UHSRUWHG > @0RUHRYHU LQDrosophila V\QF\WLDO HPEU\RV FHQWURVRPHGXSOLFDWLRQRFFXUV DV
HDUO\DVODWHDQDSKDVHDQGHDUO\WHORSKDVH>@7KXVWKHUHGXFWLRQRI33$%7ZVPD\LPSDLU
WKHHDUOLHUFHQWURVRPHņQXFOHXVDWWDFKPHQWLQDQDWHORSKDVHZKHUHDVWKHUHGXFWLRQRI3RORPD\
LPSDLUWKLVDWWDFKPHQWODWHULQSURSKDVH7KLVLVDOVRVXSSRUWHGE\WKHIDFWWKDW33$%7ZV
DFWLYLW\LVKLJKDWPLWRWLFH[LWDQGWKURXJKRXWLQWHUSKDVH>@ZKHUHDV3RORDFWLYLW\LQFUHDVHVDW
*0 >@ 7KHUHIRUH HPEU\RV SURGXFHG E\ IHPDOHV KHWHUR]\JRXV IRU ERWK polo11 DQG twsP 
polo11twsP H[SHULHQFHG D GUDPDWLFDO LQFUHDVH LQ FHQWURVRPH GHWDFKPHQW DW DOO VWDJHV RI
HPEU\RQLF PLWRVLV SUREDEO\ EHFDXVH WKH FRKHVLRQ EHWZHHQ FHQWURVRPH DQG QXFOHXV KDV EHHQ
IXUWKHUZHDNHQHGGXULQJPLWRWLFH[LWDQGWKHQH[WPLWRWLFHQWU\>@+RZHYHUZHFDQ¶WH[FOXGH
RWKHUPRGHOV )RU H[DPSOH 33$%7ZV FRXOG EH UHTXLUHG IRU GHSKRVSKRU\ODWLQJ D FHUWDLQ
SURWHLQ ZKLFK LV LPSRUWDQW IRU 3ROR UHFUXLWPHQW DW FHQWURVRPHV ,QGHHG VXFK FROODERUDWLRQ
EHWZHHQ3RORDQG33$%7ZVKDVEHHQREVHUYHGLQRWKHUFRQWH[WV%RWK3RORDQG33$%
WDUJHW35&WKHDQWLSDUDOOHOPLFURWXEXOHEXQGOLQJSURWHLQZKLFKSOD\VDFUXFLDOUROHLQFHQWUDO
VSLQGOHIRUPDWLRQ>@&\FOLQ%&GNSKRVSKRU\ODWHV35&DW7WRSUHYHQWERWKWKHUH
ORFDOL]DWLRQRI35&WRWKHFHQWUDOVSLQGOHDQGWKHELQGLQJRI3ON3RORRUWKRORJLQKXPDQWR
35&LQPHWDSKDVHZKHUHDV33$%UHPRYHVWKLVSKRVSKRU\ODWLRQLQDQDSKDVHDOORZLQJWKH
UHFUXLWPHQWRI3ONWR35&DWWKHFHQWUDOVSLQGOHWRSURPRWHWKHLQLWLDWLRQRIF\WRNLQHVLV>
@,QVXFKFDVH33$%DOVRFROODERUDWHVZLWK3ONDQGLVDQWDJRQL]HGE\*ZOZKHUH3ON
DSSHDUVWREHGRZQVWUHDPRI*ZODQG33$%+RZHYHUZHODWHUIRXQGWKDW3RORSURPRWHV
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
*ZO F\WRSODVPLF UHWHQWLRQ WR PHGLDWH 33$%7ZV LQKLELWLRQ EHIRUH QXFOHDU HQYHORSH
EUHDNGRZQ1(%'VXJJHVWLQJWKDW3ROR*ZODQG33$%7ZVIXQFWLRQLQWKHVDPHOLQHDU
SDWKZD\ZKHUH3RORDSSHDUV WREHWKHXSVWUHDPFROODERUDWRURI*ZOZKLFKDQWDJRQL]HV33$
%7ZV >@ 7KHVH UHVXOWV FROOHFWLYHO\ LQGLFDWH WKDW 3ROR DQWDJRQL]HV 33$7ZV DW PLWRWLF
HQWU\ ZKHUHDV WKH\ FROODERUDWH ZLWK HDFK RWKHU DW PLWRWLF H[LW DQG WKHUH PLJKW QRW EH D
UHODWLRQVKLSEHWZHHQWKHVHWZRLQWHUSOD\V7KLVLVDOVRVXSSRUWHGE\WKHIDFWWKDW3RORLVUHTXLUHG
IRUERWKPLWRWLFHQWU\DQGPLWRWLFH[LW>@7KHUHIRUHWKHQDWXUHRIWKHLQWHUSOD\EHWZHHQ3ROR
DQG %7ZV PD\ YDU\ ZLWK VSHFLILF VWDJH DQG VSHFLILF HYHQW RI PLWRVLV /LNHZLVH WKH
FROODERUDWLRQEHWZHHQ3RORDQG%7ZVDWFHQWURVRPHņQXFOHXVFRKHVLRQVKRXOGGLIIHUIURP
WKHLU LQWHUDFWLRQ DW PLWRWLF HQWU\ +RZHYHU WKH FROODERUDWLRQ EHWZHHQ 3ROR DQG 7ZV% IRU
FHQWURVRPHDWWDFKPHQWDSSHDUVWREHWKHLUSULPDU\LQWHUDFWLRQVLQFHWKHFHQWURVRPHGHWDFKPHQW
IURPQXFOHXVLVWKHSURPLQHQWSKHQRW\SHREVHUYHGLQHPEU\RVODLGE\polo11twsPIHPDOHV
,QDGGLWLRQ WR WKHTXHVWLRQZHDVNHGDERYH WKHRWKHUTXHVWLRQ LVKRZ3RORDQG33$
7ZV%DFWLYLWLHVDUHUHTXLUHGIRUFHQWURVRPHņQXFOHXVFRKHVLRQ":HSXUVXHGWKHDQVZHUE\
SHUIRUPLQJ ERWK D JHQHWLF VFUHHQ IRU JHQHV WKDW IXQFWLRQ ZLWK polo DQG tws DQG D SURWHRPLF
LGHQWLILFDWLRQ RI 3ROR DQG 7ZV LQWHUDFWLQJ SDUWQHUV LQ HPEU\RV DQG ZH GLG REWDLQ VRPH
FDQGLGDWHV ZKLFK PLJKW UHJXODWH WKH FHQWURVRPH ņ QXFOHXV DWWDFKPHQW )RU H[DPSOH ZH
LGHQWLILHGWKDW3RORIXQFWLRQVZLWK1XG(XQSXEOLVKHGGDWDDSURWHLQZKLFKZDVGHPRQVWUDWHG
WRSOD\DQLPSRUWDQWUROHLQWKHUHJXODWLRQRIG\QHLQZKLFKLVUHTXLUHGIRUQXFOHDUDWWDFKPHQWRI
FHQWURVRPHGXULQJPLWRVLVLQDrosophila>@:HDOVRIRXQGWKDW6SGZKLFKLVHVVHQWLDO
IRU FHQWURVRPH ELRJHQHVLV DQG PDWXUDWLRQ DVVRFLDWHV ZLWK %7ZV LQ WKH VDPH FRPSOH[
XQSXEOLVKHGGDWD >@)XUWKHUJHQHWLFDQGPROHFXODUGLVVHFWLRQRI WKHVH LQWHUDFWLRQVPD\
FODULI\ WKHSUHFLVH IXQFWLRQRI3RORDQG33$%7ZV LQ UHJXODWLRQRIFHQWURVRPHņQXFOHXV
FRQQHFWLRQ
'R*ZODQG3RORFROODERUDWHZLWKRUDQWDJRQL]HHDFKRWKHU"
7KHScant DOOHOH RI*ZO HQFRGHV D K\SHUDFWLYH IRUPRI*ZO DQGZKHQ LW LV FRPELQHG
ZLWKKHWHUR]\JRVLW\IRUDQXOOpoloDOOHOHpolo11LWFDQLQGXFHFRPSOHWHVWHULOLW\LQDrosophila
IHPDOHV  Scantpolo11  DFFRPSDQLHG E\ D GUDPDWLF LQFUHDVH LQ WKH OHYHO RI FHQWURVRPH
GHWDFKPHQW IURP QXFOHL LQ V\QF\WLDO HPEU\RV >@ ,QWHUHVWLQJO\ WKUHH PXWDWLRQV ZKLFK FDQ
VXSSUHVVWKHScantpolo11SKHQRW\SHUHVSHFWLYHO\FRUUHVSRQGWRpolo GXSOLFDWLRQVUHYHUWDQWV
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
RIScant WR LWV UHFHVVLYHDOOHOHVDQGD WKLUGVLWHODWHU LGHQWLILHGDVendos >@7KHVHGDWD
VXJJHVWWKDW*ZOJHQHWLFDOO\DQWDJRQL]HV3RORDQGWKLVDQWDJRQLVWLFLQWHUDFWLRQPLJKWEHLQGLUHFW
VLQFHWKHLQDFWLYDWLRQRIRQHFRS\RIendosendos00003ZKLFKHQFRGHVWKHVROHNQRZQVXEVWUDWH
RI *ZO DQG WKH VROH NQRZQ 33$% VSHFLILF in vivo LQKLELWRU LQ Drosophila >@
VXSSUHVVHG WKHScantpolo11 SKHQRW\SH 0RUHRYHU QR HYLGHQFH VKRZLQJ WKDW LQ V\QF\WLDO
HPEU\RV(QGRVDFWVRQ3RORDQGYLFHYHUVDKDVEHHQUHSRUWHG7KXV,VSHFXODWHGWKDW*ZOFRXOG
IXQFWLRQDVDQDQWDJRQLVWRI3RORE\DQWDJRQL]HLQJ3ROR¶VSRWHQWFROODERUDWRU33$%WKURXJK
(QGRV,QDGGLWLRQ*ZOZDVREVHUYHGWRDQWDJRQL]H3RORRQO\LQPLWRVLVDQG3RORZDVIRXQGWR
FROODERUDWHZLWK%7ZVRQO\ LQPLWRVLVZKHUHDV*ZO DQWDJRQL]HV%7ZV LQERWKPHLRVLV
DQGPLWRVLV>@7KXV LQFUHDVLQJ*ZODFWLYLW\DORQHPD\ LQGXFHVRPH LQKLELWLRQRI33$
%7ZVWKDWLVQRWVWURQJHQRXJKWRDIIHFWFHOOF\FOHSURJUHVVLRQ+RZHYHUZKHQWKHLQFUHDVH
RI*ZO LV LQFRPELQDWLRQZLWK WKH UHGXFWLRQRI3RORZKLFK LVDSRWHQWPLWRWLFFROODERUDWRURI
%7ZV PLWRWLF GHIHFWV FKDUDFWHUL]HG E\ FHQWURVRPH GHWDFKPHQW ZRXOG EH GUDPDWLFDOO\
HQKDQFHGOHDGLQJWRHPEU\RQLFOHWKDOLW\)XUWKHULGHQWLILFDWLRQRI3RORDQG33$%VXEVWUDWHV
DW FHQWURVRPH VKRXOG OHDG WR DEHWWHUXQGHUVWDQGLQJRI WKH DQWDJRQLVPEHWZHHQ*ZO DQG3ROR
DQGWKHFROODERUDWLRQEHWZHHQ3RORDQG33$%
7KHDQWDJRQLVPEHWZHHQ*ZODQG3RORGHVFULEHGDERYHZDV IXUWKHUSHUSOH[HGZKHQ ,
IRXQGWKDWPDWHUQDOJHUPOLQHRYHUH[SUHVVLRQRI3RORLQIHPDOHIOLHVKHWHUR]\JRXVIRUDgwl QXOO
DOOHOH gwl6a OHG WR D GUDPDWLF GHFUHDVH LQ HPEU\RV KDWFKLQJ ZKLOH IHPDOHV RYHUH[SUHVVLQJ
3ROR DORQH OHG WR RQO\ D PRGHUDWH GHIHFW DQG gwl6a+ IHPDOHV OHG WR QR GHIHFW RQ HPEU\R
KDWFKLQJ>@7KXVWKHUHVXOWVRIWKLVJHQHWLFWHVWVXJJHVWWKDW3RORVRPHKRZDQWDJRQL]HV*ZO
FRPSOLFDWLQJ PDWWHUV 0RUHRYHU matrimony mtrm ZKLFK ZDV GHPRQVWUDWHG WR HQFRGH DQ
LQKLELWRURI3RORLVDVWURQJHQKDQFHURIendos >@)HPDOHVKHWHUR]\JRXVIRUDmtrmQXOO
DOOHOH DQG DQ endos QXOO DOOHOH mtrm126endos00003 DUH VWHULOH EHFDXVH RI GHIHFWV LQ HDUO\
HPEU\RQLFPLWRVLVDQGWKLVSKHQRW\SHFDQEHUHVFXHGE\WKHUHPRYDORIRQHFRS\RIpolo>@
7KLV UHVXOW IXUWKHU VXJJHVWV WKDW HOHYDWHG 3ROR DFWLYLW\ DQWDJRQL]HV WKH*ZO(QGRV SDWKZD\ ,
DUJXHG WKDW HOHYDWHG3ROR DFWLYLW\PLJKW OHDG WR SUHPDWXUH F\WRSODVPLF UHWHQWLRQ RI*ZO HYHQ
EHIRUH*ZOLVDFWLYDWHGE\&GNLQWKHQXFOHXV,QGHHG,IRXQGWKDWLQHPEU\RVH[SUHVVLQJKDOI
WKHQRUPDOGRVHRI*ZODQGRYHUH[SUHVVLQJ3RORWKHUHZDVDVLJQLILFDQWIUDFWLRQRIQXFOHLWKDW
IDLOHGWRHQWHULQWRPLWRVLVZKHQPRVWRIQXFOHLZHUHDOUHDG\LQSURPHWDPHWDSKDVH>@6XFK
SKHQRW\SHPLJKWEHGXH WR WKH ODFNRIVXIILFLHQWDFWLYLW\RI*ZO , ODWHU IRXQG WKDW UHPRYDORI
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KDOIRI%7ZV LQ IHPDOHVRYHUH[SUHVVLQJ3RORDQGH[SUHVVLQJKDOI WKHQRUPDOGRVHRI*ZO
HIILFLHQWO\UHVFXHGHPEU\RKDWFKLQJXQSXEOLVKHGGDWD7KLVUHVXOWVXJJHVWVWKDWWKHDQWDJRQLVW
UHODWLRQVKLS EHWZHHQ *ZO(QGRV DQG 3ROR UHOLHV RQ WKH 33$7ZV% DFWLYLW\ 0RUHRYHU
WKURXJK PRGLILFDWLRQ RI 3ROR *ZO(QGRV DQG 33$7ZV% H[SUHVVLRQ OHYHOV LW ZDV
GHPRQVWUDWHGLQYDULRXVZD\VWKDWWKHEDODQFHEHWZHHQWKHVHSURWHLQVLVFUXFLDOIRUERWKPHLRWLF
DQGPLWRWLFSURJUHVVLRQLQDrosophilaHPEU\RV$VPRVWRIWKHVHJHQHWLFWHVWVZHUHUHYLHZHGE\
'U'DYLG0*ORYHU >@ ,ZRQ¶W VKRZ WKHPKHUH LQ GHWDLO7KXV IDU VHYHUDO JHQHWLF UHVXOWV
VXJJHVW WKDW 3ROR DQG *ZO DQWDJRQL]H HDFK RWKHU EXW WKHVH DQWDJRQLVWLF UHODWLRQVKLSV ZHUH
REVHUYHGRQO\ZKHQZHDUWLILFLDOO\ LQFUHDVHGRQHNLQDVHDFWLYLW\DQGVLPXOWDQHRXVO\GHFUHDVHG
WKHRWKHUNLQDVHDFWLYLW\LQDrosophila V\QF\WLDOHPEU\RV7KHVHJHQHWLFWHVWVGLGJUHDWO\KHOSXV
WRXQFRYHUQHZLQWHUDFWLQJSDUWQHUVDQGXQGHUVWDQGEHWWHULQWHUDFWLQJJHQHVIXQFWLRQVKRZHYHU
WKH\PD\QRWH[DFWO\UHIOHFWWKHLUSK\VLRORJLFDOUHODWLRQVKLSV
,QFRQWUDVWWRJHQHWLFDOO\DQWDJRQLVWLQWHUSOD\EHWZHHQ*ZODQG3RORGLVFRYHUHGLQIOLHV
VHYHUDOGDWD VXSSRUW WKDW WKH\FROODERUDWH IRUPLWRWLFSURJUHVVLRQ)LUVW*ZOFRQWULEXWHV WR WKH
DFWLYDWLRQ RI&GF WKURXJK LQKLELWLRQ RI 33$% > @ZKLOH 3ROR DFWLYDWHV&GF E\
GLUHFWSKRVSKRU\ODWLRQ>@7KHUHIRUH WKH\FROODERUDWH WRSURPRWH03)DXWRDPSOLILFDWLRQ
ORRSE\DFWLYDWLQJ&GF0RUHRYHU3RORDVVRFLDWHVZLWKDQGSKRVSKRU\ODWHV*ZOin vitroERWK
LQDrosophilaDQGLQXenopusZKHUHDV*ZOGRHVQRWSKRVSKRU\ODWH3ROR in vitro >@
0RUHRYHU SKRVSKRU\ODWLRQRI*ZOE\3RORKDVQR VLJQLILFDQW HIIHFW RQ*ZO DFWLYLW\ >@
+RZHYHU DV GHVFULEHG DERYH ZH IRXQG WKDW 3ROR SKRVSKRU\ODWHV *ZO OLNHO\ WR SURPRWH WKH
F\WRSODVPLF UHWHQWLRQ RI*ZOZKLFK VXEVHTXHQWO\PHGLDWHV WKH LQKLELWLRQ RI 33$% >@
7KHVH UHVXOWV FROOHFWLYHO\ LQGLFDWH WKDW 3ROR DQG *ZO IXQFWLRQ WRJHWKHU WR SURPRWH PLWRWLF
SURJUHVVLRQ ,Q DGGLWLRQ LQWHUGHSHQGHQF\ EHWZHHQ 3ROR DQG *ZO KDV EHHQ GHOLQHDWHG GXULQJ
UHFRYHU\ IURP*0'1$ GDPDJH FKHFNSRLQW DUUHVW >@ 'XULQJ FKHFNSRLQW UHFRYHU\ 3ROR
SUHSKRVSKRU\ODWHG *ZO ZDV REVHUYHG WR SURPRWH WKH GHSKRVSKRU\ODWLRQ RI 6PF VWUXFWXUDO
PDLQWHQDQFHRIFKURPRVRPHVZKLFK LVDFRPSRQHQWRI WKHFRKHVLQFRPSOH[ WKXVSURPRWLQJ
VLVWHUFKURPDWLGVHSDUDWLRQ>@*ZOGLGQRWSKRVSKRU\ODWH3RORGXULQJFKHFNSRLQWUHFRYHU\
EXWSURPRWHV3RORDFWLYDWLRQE\$XURUD$NLQDVH>@7KHUHIRUH*ZODQG3RORGHSHQGRQHDFK
RWKHU IRU UHFRYHU\ IURP '1$ GDPDJH FKHFNSRLQW DUUHVW ,Q \HDVW 3ROR NLQDVH &GF *ZO
NLQDVH5LPDQG=GVZHUHLGHQWLILHGDVVXSSUHVVRUVRIJURZWKGHIHFWVRIkog1105DPXWDQW
RI .2* ZKLFK LV DQ HVVHQWLDO FRPSRQHQW RI 725& 7RU FRPSOH[  DW QRQSHUPLVVLYH
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WHPSHUDWXUH >@ ,QWHUHVWLQJO\ kog1105 SUHYHQWV WKH PLWRWLF HQWU\ DW QRQSHUPLVVLYH
WHPSHUDWXUH ZKHUHDV RYHUH[SUHVVLRQ RI HLWKHU 3ROR RU 5LP RU =GV UHVFXHGPLWRWLF HQWU\
VXJJHVWLQJ D FROODERUDWLQJ UHODWLRQVKLS EHWZHHQ \HDVW 3ROR DQG *ZO DW PLWRWLF HQWU\ >@
0RUHRYHU ERWK 5LP DQG =GV ZHUH GHPRQVWUDWHG WR EH LPSRUWDQW UHJXODWRUV RI VSDWLDO
ORFDOL]DWLRQDQGDFWLYLW\RI\HDVW33$%33$&GF>@7KXVWKHUHPLJKWDOVREHDQ
LQWHUDFWLRQEHWZHHQ3RORNLQDVHDQG33$%LQ\HDVW,QGHHGXQOLNHDQLPDO33$%\HDVW
33$&GFGRHV SOD\ D SRVLWLYH UROH DWPLWRWLF HQWU\ >@ ,WZRXOG EH LQWHUHVWLQJ WR IXUWKHU
LQYHVWLJDWH WKH SRVVLEOH LQWHUDFWLRQ EHWZHHQ 3ROR DQG 33$% LQ \HDVW $OWRJHWKHU WKHVH
UHVXOWV LQGLFDWH WKDW 3ROR DQG*ZO FROODERUDWHZLWK HDFK RWKHU WR SURPRWHPLWRWLF SURJUHVVLRQ
DFURVVGLIIHUHQWVSHFLHV
+RZLPSRUWDQWLV*ZOIRUPLWRWLFSURJUHVVLRQ"
 )LUVW VWXGLHV FRQGXFWHG LQ Xenopus HJJ H[WUDFWV GHPRQVWUDWHG WKDW WKH *ZO GHSOHWHG
F\FOLQJH[WUDFWVQHYHUHQWHUPLWRVLV>@/DWHULQVWDUILVKRRF\WHDQGXenopusRRF\WH*ZO
DV ZHOO DV F\FOLQ %&GN ZHUH SURSRVHG WR EH WZR HVVHQWLDO FRQVWLWXHQWV RI03) 0 SKDVH
SURPRWLQJIDFWRUGXHWRWKHIDFWWKDWZKHQLPPDWXUHRRF\WHODFNLQJRI*ZOZDVLQMHFWHGZLWK
IXOO\ DFWLYDWHG F\FOLQ %&GN DORQH WKH RRFW\H ZDV XQDEOH WR HQWHU 0 SKDVH ZKHUHDV WKH
LQMHFWLRQRIERWKIXOO\DFWLYDWHGF\FOLQ%&GNDQG*ZOLQWRLPPDWXUHRRF\WHLQGXFHG0SKDVH
HQWU\ >@ ,Q DGGLWLRQ VHYHUDO LQGHSHQGHQW ZRUNV GHPRQVWUDWHG WKDW KXPDQ *ZO 0DVWO
PLFURWXEXOHDVVRFLDWHGVHULQHWKUHRQLQHNLQDVHOLNHLVUHTXLUHGIRUIDLWKIXOPLWRWLFSURJUHVVLRQ
VXJJHVWLQJWKDW*ZOPD\EHDKLJKO\UHOHYDQWWDUJHWIRUFDQFHUWKHUDS\>@,QGHHGWKHJURXS
RI'U0DUFRV0DOXPEUHVUHFHQWO\REWDLQHGSURPLVLQJUHVXOWV LQWXPRUUHJUHVVLRQE\WDUJHWLQJ
*ZOLQPRXVHVFLHQWLILFFRPPXQLFDWLRQLQ&6+&HOO&\FOH0HHWLQJ+RZHYHUZLWKRXW
F\FOLQ%&GN*ZODORQHFDQQHYHULQGXFHPLWRVLVZKHUHDV*ZOGHSOHWLRQFDQEHUHVFXHGE\
HLWKHUFRQVWLWXWLYHO\DFWLYHF\FOLQ%&GNRUE\LQKLELWLQJ33$%>@7KHUHIRUH
WKHFRQWURORIPLWRWLFHQWU\DQGPDLQWHQDQFHLVLQGHHGDZDUEHWZHHQF\FOLQ%&GNDQG33$
%ZKLOH*ZOLVUDWKHUDQDVVLVWDQWRIF\FOLQ%&GNWKDWIXQFWLRQVWRLQKLELW33$%
$V DQ DVVLVWDQW RI F\FOLQ %&GN *ZO LV QRW DOZD\V HVVHQWLDO LQ DOO WLVVXHV RU DOO
RUJDQLVPV,QDrosophilaVHYHUDOFRPELQDWLRQVRIgwlORVVRIIXQFWLRQPXWDQWDOOHOHVFDXVHGWKH
OHWKDOLW\ DW ODWH ODUYDH RU SXSDH VWDJH 1RQHWKHOHVV ZKHQ ODUYDH FDUU\LQJ DQ\ RQH RI WKHVH
FRPELQDWLRQVRIgwl ORVVRIIXQFWLRQPXWDQWDOOHOHVDUHVLPXOWDQHRXVO\KHWHUR]\JRXVIRUDORVV
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RIIXQFWLRQ DOOHOH twsP WKH VLQJOH% LQ IOLHV WKH YLDELOLW\ZDV FRPSOHWHO\ UHVFXHG >@ ,Q
RWKHUZRUGV UHPRYDO RI RQO\ KDOI RI7ZV% FDQ FRPSHQVDWH IRU WKH FRPSOHWH ORVV RI*ZO
VXJJHVWLQJ WKDW *ZO LV GLVSHQVDEOH LI WKH UDWLR RI F\FOLQ %&GN DFWLYLW\ UHODWLYH WR 33$
%7ZV DFWLYLW\ LV KLJK HQRXJK 7KLV LV IXUWKHU VXSSRUWHG E\ WKH REVHUYDWLRQ WKDW ODUYDH
FRPSOHWHO\ODFNLQJRIendosEXWKHWHUR]\JRXVIRUtwsPDOVRGHYHORSHGLQWRQRUPDODGXOWV>@
&RPSDUHG WR Drosophila, VXUSULVLQJO\ QR REYLRXV RUWKRORJV RI *ZO LQ QHPDWRGH
C.elegans ZHUH LGHQWLILHG WKXV UDLVLQJ WKH TXHVWLRQ RI KRZZRUPV FDQ SURJUHVV VXFFHVVIXOO\
WKURXJKPLWRVLVZLWKRXW*ZO >@ ,QVHFWLRQ ,GHVFULEHG WKDWF\FOLQ%&GNPLJKWEH
DEOH WR SUHYHQW 33$% KRORHQ]\PH DVVHPEO\ E\ GLUHFWO\ SKRVSKRU\ODWLQJ % >@
0RUHRYHU 33$% KRORHQ]\PH DVVHPEO\ LV DOVR UHJXODWHG E\ FHOO F\FOH GHSHQGHQW
PHWK\ODWLRQ RI WKH FDWDO\WLF VXEXQLW > @ 7KHVH PHFKDQLVPVPLJKW SURYLGH DQ DGGLWLRQDO
OHYHORIUHJXODWLRQRI33$%DFWLYLW\ZLWKRXWWKHUHTXLUHPHQWIRU*ZO$GGLWLRQDOO\33$
%OHYHOLQC.elegansFHOOVLVVRORZWKDWLWV&GNFRXQWHUDFWLQJHIIHFWZDVDVVXPHGWREHOHVV
LPSRUWDQW>@,QGHHG51$LRI(QGRVGLGQRWLQGXFHDQ\FOHDUHIIHFWLQVRPDWLFDQGJHUPOLQH
FHOOGLYLVLRQVLQC.elegans>@
8QOLNH LQC.elegans *ZO GRHV H[LVW LQ VWDUILVK RRF\WH +RZHYHU F\FOLQ %&GN FDQ
E\SDVV*ZODQGGLUHFWO\SKRVSKRU\ODWH$USSWKHVLQJOHKRPRORJRI(QGRV$USSLQVWDUILVK
>@&\OLQ%&GNSKRVSKRU\ODWHV(QGRVDWVHULQHWRPHGLDWHWKHLQLWLDO33$%LQKLELWLRQ
OHDGLQJWRF\FOLQ%&GNDXWRUHJXODWRU\DFWLYDWLRQDWPLWRWLFHQWU\ZKHUHDV*ZOSKRVSKRU\ODWHV
$USSDWDQRWKHUFRQVHUYHGVLWHWRHQVXUHGRZQVWUHDPPLWRWLFSURJUHVVLRQ>@+RZHYHUWKLV
&GN VLWH ZDV QRW IRXQG WR EH FRQVHUYHG LQ Drosophila (QGRV WKH VLQJOH KRPRORJ RI
(QGRV$USSLQIOLHV>@$OWKRXJKLWZDVVXJJHVWHGWKDWWKLV&GNVLWHRQDrosophila(QGRV
FRUUHVSRQGV WR D SKRVSKRPLPHWLF PXWDWLRQ RI VHULQHWKUHRQLQH RQ DVSDUWLF DFLG >@ WKH
VLPXOWDQHRXV GHSOHWLRQ RI ERWK (QGRV DQG *ZO RU WKH GHSOHWLRQ RI HLWKHU SURWHLQ DORQH LQ 
DrosophilaWLVVXHFXOWXUHFHOOVLQGXFHGVLPLODUFKURPRVRPHFRQGHQVDWLRQDQGQXFOHDUHQYHORSH
EUHDNGRZQ GHIHFWV >@ 7KLV UHVXOW LQGLFDWHG WKDW DW OHDVW LQ Drosophila WLVVXH FXOWXUH FHOOV
F\FOLQ%&GNLVXQOLNHO\WRE\SDVV*ZODQGWRDFWVGLUHFWO\RQ(QGRVWRLQGXFHPLWRWLFHQWU\
,QDGGLWLRQWRWKHLPSRUWDQFHRI*ZOIXQFWLRQLQRUJDQLVPVGHVFULEHGDERYH*ZOGRHVQ¶W
DSSHDU WR EH UHTXLUHG IRUPLWRWLF HQWU\ LQPDPPDO FHOOV HYHQ WKRXJK LW LV QHHGHG IRU IDLWKIXO
PLWRWLFSURJUHVVLRQ >@ 0RUHRYHUGHVSLWH WKH IDFW WKDW\HDVW*ZO 5LPņ(QGRV
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,JR,JRSDWKZD\DOVRFRQWULEXWHV WRPLWRWLFSURJUHVVLRQE\UHJXODWLQJ33$&GF% LQ
\HDVW>@WKHLUFRQWULEXWLRQLVPLQRUFRPSDUHGWRWKH=GV=GVSDWKZD\>@
+RZHYHULQFRQWUDVWWRRUJDQLVPVGHVFULEHGDERYHZK\*ZOGHSOHWLRQSUHYHQWVPLWRWLF
HQWU\ LQXenopus F\FOLQJ H[WUDFWV"2QH UHDVRQ FRXOG EH WKDW LQ Xenopus HJJ H[WUDFWV*ZO LV
UHTXLUHG IRU WULJJHULQJ WKH LQLWLDO VWHS LQSKRVSKRU\ODWLRQDQGDFWLYDWLRQRI&GF LQDPDQQHU
LQGHSHQGHQWRI03)0SKDVHSURPRWLQJIDFWRUZKHUHDVRQO\ODWHU0SKDVHSKRVSKRU\ODWLRQRI
&GFGHSHQGVRQ03)>@1HYHUWKHOHVVWKXVIDUWKHUHLVQRHYLGHQFHVKRZLQJWKDWVXFK*ZO
GHSHQGHQW DQG 03)LQGHSHQGHQW HDUO\ &GF DFWLYDWLRQ LV FRQVHUYHG LQ RWKHU RUJDQLVPV
0RUHRYHULQFRQWUDVWWRRUJDQLVPVWKDWGRQ¶WQHHG*ZOIRUPLWRWLFHQWU\LQLPPDWXUHXenopus
RRF\WH RQO\ D VPDOO IUDFWLRQRI*ZO ORFDOL]HV LQ WKHQXFOHXV UDLVLQJ WKHSRVVLELOLW\ WKDW*ZO
GHSHQGHQW&GFDFWLYDWLRQLVUHOHYDQWWRVXFKSDUWLFXODU*ZOGLVWULEXWLRQ>@7KXVLWZLOOEH
LQWHUHVWLQJ WR VWXG\ WKH IXQFWLRQ RI Xenopus *ZO F\WRSODVPLF ORFDOL]DWLRQ E\ IRUFLQJ LW WR
ORFDOL]HFRPSOHWHO\LQQXFOHXV
,Q FRQFOXVLRQ DOWKRXJK*ZO LVGHPRQVWUDWHG WRSOD\ DQ HVVHQWLDO UROH LQSURWHFWLQJ WKH
&GN SKRVSKRU\ODWHG PLWRWLF VXEVWUDWHV E\ LQKLELWLQJ 33$% WKH LPSRUWDQFH RI *ZO LV
YDULDEOHLQGLIIHUHQWWLVVXHVDQGRUJDQLVPV
 6SDWLRWHPSRUDO UHJXODWLRQ RI NLQDVHV DQG SKRVSKDWDVHV LV UHTXLUHG IRU
PLWRWLFSURJUHVVLRQ
 &HOOF\FOHSURJUHVVLRQUHTXLUHVWKHUHJXODWLRQRIERWKNLQDVHVDQGSKRVSKDWDVHV&\FOLQ%
&GNLVDSULQFLSDONLQDVHSKRVSKRU\ODWLQJDODUJHQXPEHURIVXEVWUDWHVWRWULJJHUPLWRWLFHQWU\
,QPHWD]RDQV LW LV FRXQWHUEDODQFHGE\DPDMRU UHJXODWRU WKHSURWHLQSKRVSKDWDVH$ 33$
%>@*UHDWZDOO*ZONLQDVHDFWLYDWLRQDWPLWRWLFHQWU\OHDGVWRWKHLQDFWLYDWLRQRI33$
%WRSURPRWHWKHSKRVSKRU\ODWLRQRIF\FOLQ%&GNVXEVWUDWHV>@7KHDFWLYDWLRQ*ZO
GHSHQGVRQLWVSKRVSKRU\ODWLRQE\F\FOLQ%&GNDQGRQLWVDXWRSKRVSKRU\ODWLRQ>@ZKHUHDV
LWV LQDFWLYDWLRQDWPLWRWLFH[LWGHSHQGVRQ33$% >@+RZHYHU DWPLWRWLFHQWU\KRZ
*ZOLWVHOIHVFDSHVIURP33$%DFWLYLW\WREHDFWLYDWHGE\F\FOLQ%&GNDQGWKHQSURWHFWV
RWKHU F\FOLQ %&GN VXEVWUDWHV LV VWLOO OHVV XQGHUVWRRG" , WKHUHIRUH LQYHVWLJDWHG WKH
VSDWLRWHPSRUDO ORFDOL]DWLRQ RI WKHVH UHJXODWRUV )LUVW LQ DFFRUGDQFH ZLWK SUHYLRXV VWXGLHV ,
IRXQG WKDW 7ZV ZKLFK LV WKH VROH PHPEHU RI % UHJXODWRU\ VXEXQLW IDPLO\ LQDrosophila
134

ORFDOL]HV SUHGRPLQDQWO\ LQ F\WRSODVP XQWLO 1(%' XQSXEOLVKHG GDWD > @ 7KHQ ZH
GHPRQVWUDWHGWKDWWKHVXEFHOOXODUORFDOL]DWLRQRI*ZOFKDQJHVGUDPDWLFDOO\GXULQJWKHFHOOF\FOH.
*ZOLVQXFOHDULQLQWHUSKDVHDQGGHORFDOL]HVUDSLGO\WRWKHF\WRSODVPLQSURSKDVHDIHZPLQXWHV
RQO\EHIRUHQXFOHDUHQYHORSHEUHDNGRZQ1(%'>@,QWHUHVWLQJO\,IRXQGWKDWF\FOLQ%HQWHUV
WKHQXFOHXVEHIRUH WKDW*ZOGHORFDOL]HVLQWRF\WRSODVP>@ ,QGHHGXSRQPLWRWLFHQWU\ LQLWLDO
ORZ F\FOLQ %&GN DFWLYLW\ LV VXIILFLHQW WR WULJJHU LWV RZQ QXFOHDU LPSRUW DQG UDSLG QXFOHDU
DFFXPXODWLRQ>@7KHUHIRUH,SURSRVHGWKDWWKHQXFOHDUHQYHORSHPD\VHUYHDVDQLQWULQVLF
EDUULHUWRVHSDUDWH*ZOIURP33$%WKXVSURPRWLQJ*ZODFWLYDWLRQE\F\FOLQ%&GNLQWKH
QXFOHXV$OWKRXJKRQHUHFHQWZRUNVXJJHVWVWKDWDQXQNQRZQSKRVSKDWDVHRWKHUWKDQ33$%
GHSKRVSKRU\ODWHV DQG LQDFWLYDWHV *ZO >@ *ZO QXFOHDU ORFDOL]DWLRQ FRXOG VWLOO IDFLOLWDWH LWV
DFWLYDWLRQ E\ F\FOLQ %&GN RU PLJKW DOVR VHJUHJDWH *ZO IURP LWV XQLGHQWLILHG LQDFWLYDWLQJ
SKRVSKDWDVH LQ WKH F\WRSODVP ,Q DFFRUGDQFHZLWKP\ VXSSRVLWLRQ LWZDV UHFHQWO\ VKRZQ WKDW
DFWLYH*ZOZDVILUVWGHWHFWHGLQWKHQXFOHXV>@0RUHRYHU*ZO1/6PXWDQWZKLFKORFDOL]HV
FRQVWDQWO\LQWKHF\WRSODVPDSSHDUVWREHOHVVSKRVSKRU\ODWHGWKDQZLOGW\SH*ZOLQDrosophila
RYDULHV>@0RVWLPSRUWDQWO\RXUUHVXOWVVKRZHGWKDW*ZOQXFOHDUORFDOL]DWLRQLVQHFHVVDU\IRU
LWVIXQFWLRQ>@
,Q DGGLWLRQ WR*ZO LQDrosophila WKH QXFOHDU HQYHORSH DOVR VHSDUDWHV RWKHU F\FOLQ%
&GNQXFOHDUVXEVWUDWHVIURP33$%7KXVWKLVVSDWLDOVHJUHJDWLRQPD\DOVRDOORZF\FOLQ%
&GN WR HIILFLHQWO\ SKRVSKRU\ODWH LWV QXFOHDU VXEVWUDWHV ZLWKRXW 33$% GLVWXUEDQFH XQWLO
1(%' 7KLV PLJKW H[SODLQ ZK\ *ZO GHSOHWLRQ GLG QRW SUHYHQW PLWRWLF HQWU\ LQ Drosophila 
FXOWXUHG FHOOV DV ZHOO DV LQPDQ\ RWKHU RUJDQLVPV HJ KXPDQ FHOOV > @ +RZHYHU WKLV
VSDWLDO VHJUHJDWLRQFDQ¶WH[SODLQZK\*ZOGHSOHWHGDrosophila FXOWXUHGFHOOVDQGKXPDQFHOOV
GLVSOD\HGFKURPRVRPHFRQGHQVDWLRQDQG1(%'GHIHFWV>@5HFHQWO\,IRXQGWKDW33$
%FRQWDLQVD IXQFWLRQDODQGFRQVHUYHG1/6QXFOHDU ORFDOL]DWLRQVLJQDOGHVSLWH WKDW33$
%LVSUHGRPLQDQWO\F\WRSODVPLFDQGLVQHYHUFRQFHQWUDWHGLQQXFOHXVGXULQJXQSHUWXUEHGFHOO
F\FOHSURJUHVVLRQXQSXEOLVKHGGDWD7KLVVXJJHVWVWKDW33$%PD\EHDQXFOHRF\WRSODPLF
VKXWWOLQJSURWHLQ7KHUHIRUHLQ*ZOGHSOHWLRQFHOOVLQVWDQWDQHRXVQXFOHDUORFDOL]DWLRQRI33$
%PLJKW EH VXIILFLHQW IRU GLVWXUELQJ F\FOLQ%&GN DFWLYLW\ DQG WKXV GHOD\LQJ FKURPRVRPH
FRQGHQVDWLRQDQG1(%'0RUHRYHULWZDVGHPRQVWUDWHGWKDWF\FOLQ%&GNQXFOHDUORFDOL]DWLRQ
SURPRWHVF\FOLQ%SKRVSKRU\ODWLRQDQGIXUWKHUF\FOLQ%&GNQXFOHDUORFDOL]DWLRQ>@33$
% ZDV VXSSRVHG WR EH WKH SKRVSKDWDVH ZKLFK GHSKRVSKRU\ODWHV F\FOLQ % WKXV SUHYHQWLQJ
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F\FOLQ%QXFOHDUORFDOL]DWLRQ>@7KHUHIRUHLQ*ZOGHSOHWHGFHOOV33$%PD\VORZGRZQ
F\FOLQ % QXFOHDU DFFXPXODWLRQ OHDGLQJ WR GHOD\HG FKURPRVRPH FRQGHQVDWLRQ DQG 1(%'
,QWHUHVWLQJO\LQ*ZOGHSOHWHGPRXVHFHOOVWKHUHZHUHOHVV&GNSKRVSKRU\ODWHGVXEVWUDWHVLQWKH
QXFOHXVFRPSDUHGZLWKWKDWLQZLOGW\SHPRXVHFHOOV>@ZKLFKPLJKWEHGXHWRWKHGHFUHDVHLQ
WKH QXFOHDU IUDFWLRQ RI F\FOLQ %&GN 7KXV LW ZLOO EH LQWHUHVWLQJ WR LQYHVWLJDWH WKH QXFOHDU
DFFXPXODWLRQYHORFLW\RIF\FOLQ%LQ*ZOGHSOHWHGFHOOV
,I*ZOQXFOHDUORFDOL]DWLRQLVUHTXLUHGIRULWVDFWLYDWLRQLQWKHQXFOHXVWKHQZK\LV*ZO
VHQW LQWRF\WRSODVPEHIRUH1(%'>@"&\FOLQ%&GN LV ILUVWDFWLYDWHG LQ WKHF\WRSODVP
KRZHYHU WKH HDUOLHVW &GN F\WRSODVPLF VXEVWUDWHV ZKLFK DUH UHTXLUHG IRU F\WRVNHOHWRQ
UHRUJDQL]DWLRQDQGFHOOURXQGLQJDUHWKRXJKWWREHWRWDOO\H[SRVHGWRIXOO\DFWLYH33$%>
@7KHUHIRUH,VSHFXODWHGWKDW*ZOLVSURPSWO\VHQWLQWRF\WRSODVPEHIRUH1(%'LQRUGHUWR
SURWHFW &GN F\WRSODVPLF VXEVWUDWHV DJDLQVW 33$% DFWLYLW\ WKXV V\QFKURQL]LQJ
SKRVSKRU\ODWLRQHYHQWVLQERWKQXFOHXVDQGF\WRSODVP7KLVQXFOHDUH[SRUWRI*ZOEHIRUH1(%'
ZDV LQGHHG GHPRQVWUDWHG WR EH LPSRUWDQW IRU LWV IXQFWLRQ DQG PLWRWLF SURJUHVVLRQ > @
+RZHYHU WKHUHDUHVWLOO VRPHFRQFHUQVDERXW WKH ORFDOL]DWLRQRI WKHSURWHLQ(QGRV(QGRV LVD
VPDOO SURWHLQ RI DERXW  NLORGDOWRQV >@ WKXVZH H[SHFW WKDW (QGRV LV FDSDEOH RI GLIIXVLQJ
IUHHO\WKURXJKQXFOHDUSRUHV,QGHHG(QGRV*)3ZDVGHPRQVWUDWHGWRORFDOL]HLQERWKF\WRSODVP
DQG QXFOHXV LQDrosophila V\QF\WLDO HPEU\RV DQG FXOWXUHG FHOOV >@ ,I *ZO SKRVSKRU\ODWHG
(QGRV FDQ GLIIXVH IUHHO\ WKURXJK QXFOHDU SRUHV LQWR F\WRSODVP WR LQKLELW 33$% *ZO
F\WRSODVPLF WUDQVORFDWLRQ PLJKW QRW EH LPSRUWDQW , KDYH VSHFXODWHG WKDW WKH SDVVLYH
QXFOHRF\WRSODVPLFWUDQVSRUWRI(QGRVPLJKWEHOHVVHIILFLHQW WKDQWKHIDFLOLWDWHGQXFOHDUH[SRUW
RI*ZO,PPXQRIOXRUHVFHQFHRI*ZOSKRVSKRU\ODWHG(QGRVZLWKSKRVSKRVSHFLILFDQWLERG\PD\
XQFRYHULWVQXFOHRF\WRSODVPLFG\QDPLF,QFRQWUDVWWR(QGRVORFDOL]DWLRQUHSRUWHGLQIOLHVLWZDV
UHFHQWO\GHOLQHDWHGWKDWLQLPPDWXUHVWDUILVKRRF\WH(QGRVLVSUHGRPLQDQWO\F\WRSODVPLF>@,
GLG ILQG WKDW GLIIHUHQW WDJV KDG GLIIHUHQW HIIHFWV RQ (QGRV ORFDOL]DWLRQ )RU H[DPSOH (QGRV
WDJJHGZLWK*)3RU5)3ORFDOL]HG LQERWKF\WRSODVPDQGQXFOHXVZKHUHDV(QGRV WDJJHGZLWK
3U$ 0\F RU )ODJ SULQFLSDOO\ ORFDOL]HG LQ WKH F\WRSODVP XQSXEOLVKHG GDWD 7KHUHIRUH
SUHYLRXVO\UHSRUWHG(QGRV*)3ORFDOL]DWLRQPLJKWKDYHQRWH[DFWO\GHSLFWHGWKHORFDOL]DWLRQRI
HQGRJHQRXV(QGRVDQGLWZLOOEHLPSRUWDQWWRIXUWKHUH[DPLQHLWVWUXHORFDOL]DWLRQ,I(QGRVLV
F\WRSODVPLFLWPD\H[SODLQZK\*ZOVKRXOGEHH[SRUWHGLQWRF\WRSODVPEHIRUH1(%'KRZHYHU
LWZLOOEHLQWHUHVWLQJWRLQYHVWLJDWHZKDWSUHYHQWLWVQXFOHDUGLIIXVLRQ5HFHQWO\0D[LPH&RUPLHU
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D3K'VWXGHQWLQWKHODERUDWRU\IRXQGWKDW(QGRVFDQFRQVWLWXWLYHO\DVVRFLDWHZLWK%7ZV$V
%7ZVORFDOL]HVLQWKHF\WRSODVP0D[LPHZLOOFRQWLQXHWRLQYHVWLJDWHLILWLV%7ZVZKLFK
UHWDLQV(QGRVLQWKHF\WRSODVP
,Q DGGLWLRQ RXU VWXGLHV KDG XQFRYHUHG VRPH UHJXODWRU\ PHFKDQLVPV RI *ZO VSDWLDO
ORFDOL]DWLRQ:H LGHQWLILHG WZR QXFOHDU ORFDOL]DWLRQ VLJQDOV 1/6 DQG1/6 UHVSHFWLYHO\ LQ
*ZOXQFKDUDFWHUL]HGORQJLQVHUWUHJLRQ>@3KRVSKRU\ODWLRQE\3RORDQG&GNLQWKLVUHJLRQRI
*ZOSURPRWHV LWVF\WRSODVPLF ORFDOL]DWLRQ LQSURSKDVHEHIRUH1(%'>@3KRVSKRU\ODWLRQE\
3ROR OLNHO\SURPRWHV WKH DVVRFLDWLRQRI*ZOZLWKİ OHDGLQJ WR LWV F\WRSODVPLF UHWHQWLRQ
ZKHUHDV &GN UHJXODWHV *ZO ORFDOL]DWLRQ WKURXJK DQ XQNQRZQ PHFKDQLVP >@ +RZHYHU
KXPDQ*ZOQXFOHDUH[SRUWLQSURSKDVHKDVEHHQVKRZQWRGHSHQGRQLWVRZQNLQDVHDFWLYLW\DQG
LWVDFWLYDWLRQE\F\FOLQ%&GN>@0RUHRYHUWKHH[LVWHQFHRIQXFOHDUH[SRUWVLJQDOV1(6LQ
ERWK Drosophila DQG KXPDQ*ZOZHUH VXJJHVWHG EXW \HW WR EH IXUWKHU FKDUDFWHUL]HG > @
'XULQJ P\ WKHVLV UHGDFWLRQ , IXUWKHU LQYHVWLJDWHG WKH UROH RI &GN DQG 33$%7ZV LQ
UHJXODWLRQ RI*ZO VSDWLDO ORFDOL]DWLRQ+RZHYHU DV VRPH HVVHQWLDO UHVXOWV DUH VWLOO SUHOLPLQDU\
DQGVRPHLPSRUWDQWH[SHULPHQWVVKRXOGEHUHSHDWHGZLWKKLJKHUUHVROXWLRQLPDJLQJ,GHFLGHGWR
MXVWGHVFULEHWKHPEULHIO\,IRXQGWKDW&GNFDQSKRVSKRU\ODWH*ZODWWKUHRQLQHOHDGLQJWR
WKH1/6LQDFWLYDWLRQ,IXUWKHUGHPRQVWUDWHGWKDW%7ZVFDQDVVRFLDWHZLWK*ZOZKLFKLQWKH
F\WRSODVP GXULQJ F\WRNLQHVLV 0RUHRYHU *ZO LV PRUH SKRVSKRU\ODWHG DQG OHVV QXFOHDU LQ
LQWHUSKDVHLQHPEU\RVODLGE\IHPDOH KHWHUR]\JRXVIRU DQXOODOOHOHRItws twsPVXJJHVWLQJWKDW
33$%7ZV PD\ GHSKRVSKRU\ODWH *ZO WR DOORZ LWV UHORFDOL]DWLRQ LQWR WKH QXFOHXV LQ ODWH
F\WRNLQHVLV+RZHYHU WKH SRVVLELOLW\ WKDW 33$%7ZV DOVR WDUJHWV WKH&GN VLWH WKUHRQLQH
RQ*ZOVKRXOGEHIXUWKHULQYHVWLJDWHG
,QFRQFOXVLRQPLWRWLFHQWU\DQGSURJUHVVLRQGHSHQGVRQQRWRQO\WKHHVVHQWLDONLQDVHDQG
LWVFRXQWHUDFWLQJSKRVSKDWDVHDFWLYLW\UDWLREXWDOVRRQWKHLUVSDWLRWHPSRUDOORFDOL]DWLRQV$OPRVW
DOO PLWRWLF NLQDVHV DQG SKRVSKDWDVHV HJ 3ROR NLQDVH $XURUD NLQDVHV &GF SKRVSKDWDVH
:HHSKRVSKDWDVHF\FOLQ%&GNNLQDVH*ZONLQDVHDQG33$%SKRVSKDWDVHGHVFULEHGLQ
WKLV WKHVLV DUH VSDWLDOO\ UHJXODWHG 6WXG\ RI LQGLYLGXDO HQ]\PH ORFDOL]DWLRQPD\ KHOS WR EHWWHU
XQGHUVWDQG LWV IXQFWLRQV KRZHYHU WKH HOXFLGDWLRQ RI ZKROH UHJXODWRU\ PHFKDQLVP RI PLWRWLF
HQWU\ DQG SURJUHVVLRQ JUHDWO\ UHOLHV RQ WKH XQGHUVWDQGLQJ RI FKURQRORJLFDO DQG VXEFHOOXODU
ORFDOL]DWLRQRIDOOHQ]\PHVLQYROYHGLQWKLVQHWZRUN

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7KHUHJXODWLRQRI*ZO(QGRV$USSDQG33$%DWPLWRWLFH[LW
 ,WLVVWLOOFRQWURYHUVLDOZKLFKSKRVSKDWDVHVDUHHVVHQWLDOIRUWKHGHSKRVSKRU\ODWLRQRIWKH
EXONRI&GNPLWRWLFVXEVWUDWHVDWPLWRWLFH[LW,WFRXOGEHSURWHLQSKRVSKDWDVH33>@RU
33$>@ERWK >@RUQHLWKHU >@7KHUHDUHDOVRPDQ\GLVFUHSDQFLHV
EHWZHHQ WKH SURSRVHG PRGHOV IRU *ZO DQG (QGRV LQDFWLYDWLRQ DQG 33$% UHDFWLYDWLRQ DW
PLWRWLF H[LW  +HUH , ZLOO QRW DUJXH ZKLFK SKRVSKDWDVH LV HVVHQWLDO IRU PLWRWLF H[LW RU ZKLFK
SURSRVHGUHJXODWRU\PRGHORI*ZO(QGRV$USSDQG33$%DWPLWRWLFH[LWLVFRUUHFW,ZLOO
RQO\GLVFXVVP\SUHVXPSWLRQEDVHGRQSUHYLRXVZRUNVSHUIRUPHGE\GLIIHUHQW ODERUDWRULHV ,Q
*ZO GHSOHWHG Xenopus &6) H[WUDFWV LW KDV EHHQ GHPRQVWUDWHG WKDW DGGLWLRQ RI *ZO SUH
SKRVSKRU\ODWHG (QGRV$USS FDQ¶W UHVFXH WKH PLWRWLF VWDWH DV (QGRV$USS DUH UDSLGO\
GHSKRVSKRU\ODWHG >@ +RZHYHU DGGLWLRQ RI DFWLYH *ZO RU *ZO WKLRSKRVSKRU\ODWHG
(QGRV$USS ZDV DEOH WR UHVFXH WKH PLWRWLF VWDWH >  @ 0RUHRYHU WKH GHSOHWLRQ RI
$USSIURP&6)H[WUDFWVOHGWRDUDSLGGHSKRVSKRU\ODWLRQRI*ZODQGPLWRWLFH[LWGXHWRWKH
UHDFWLYDWLRQRI33$>@,QDGGLWLRQLWZDVGHPRQVWUDWHGWKDWSKRVSKRU\ODWLRQRI*ZOVSHFLILF
VLWH RQ (QGRV GHFUHDVHV VLPXOWDQHRXVO\ ZLWK GHSKRVSKRU\ODWLRQ RI *ZO DW PLWRWLF H[LW >@
7KHVH UHVXOWV FROOHFWLYHO\ VXJJHVW VHYHUDO FKDUDFWHULVWLFV RI SKRVSKDWDVHV WKDW GHSKRVSKRU\ODWH
*ZO(QGRV DW PLWRWLF H[LW )LUVW DQ DQWL(QGRV SKRVSKDWDVH FRPSHWHV ZLWK *ZO EXW WKH
SKRVSKRU\ODWLRQRI(QGRVE\*ZOLVPRUHUDSLGWKDQWKHGHSKRVSKRU\ODWLRQRI(QGRVE\WKHDQWL
(QGRVSKRVSKDWDVHDQGWKLVSKRVSKDWDVHGRHVQRWLQDFWLYDWH*ZO6HFRQGWKHSXWDWLYHDQWL*ZO
SKRVSKDWDVHIROORZVWKHDFWLYLW\RI33$%7KLUGWKHDQWL*ZOSKRVSKDWDVHDQGDQWL(QGRV
SKRVSKDWDVHDUHQRW WKHVDPHEXWIXQFWLRQDW WKHVDPHWLPHDWPLWRWLFH[LW,QGHHG WZRUHFHQW
ZRUNV GHPRQVWUDWHG WKDW HLWKHU 33$% GHSKRVSKRU\ODWHV *ZO DQG )FS GHSKRVSKRU\ODWHV
(QGRV >@ RU 33$% GHSKRVSKRU\ODWHV (QGRV DQG DQ XQNQRZQ SKRVSKDVWDVH
GHSKRVSKRU\ODWHV *ZO >@ 3UHYLRXVO\ VRPH HYLGHQFHV GLG VXSSRUW WKDW 33$%
GHSKRVSKRU\ODWHV*ZO)LUVWLQXenopusHJJH[WUDFWVERWK33$'DQG%DUHDEOHWRDVVRFLDWH
ZLWK*ZOLQWKHVDPHFRPSOH[>@0RUHRYHUWKH33$FDWDO\WLFVXEXQLWGHSKRVSKRU\ODWHV
DQGLQDFWLYDWHV*ZOin vitro>@+RZHYHULI33$%GHSKRVSKRU\ODWHV*ZOWKHQKRZFRXOG
WKLVEHLQLWLDWHGZKHQ33$%LVEHLQJLQKLELWHGE\DFWLYH*ZO(QGRV",VSHFXODWHGWKDW*ZO
SKRVSKRU\ODWHG(QGRVPLJKWLQGXFHDQLQFRPSOHWHLQKLELWRQRI33$%WKXVDIWHUF\FOLQ%
&GNLQDFWLYDWLRQSDUWLDOO\DFWLYH33$%UHPRYHV*ZOSKRVSKRU\ODWLRQZKLFKLVXQDEOHWR
EHUHSODFHGE\&GN+RZHYHUEHVLGHVWKHIDFWWKDWFRPSOHWHVXSSUHVVLRQRI33$%DFWLYLW\
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DSSHDUV WR EH QRW QHFHVVDU\ IRU PLWRWLF SURJUHVVLRQ LQ IOLHV >@ WKHUH LV QR RWKHU HYLGHQFH
VXSSRUWLQJP\K\SRWKHVLV,GRQRWWKLQNWKDW(QGRVLVLQDFWLYDWHGILUVWVLQFH*ZODSSHDUVPRUH
SRWHQW WKDQ WKH DQWL(QGRV SKRVSKDWDVH , FDQ¶W DUJXH LI WKH DQWL(QGRV SKRVSKDWDVH LV )FS
EHFDXVHLWVUHJXODWLRQLQPLWRVLVLVQRWNQRZQDWDOO7KHRQO\NQRZQLQIRUPDWLRQDERXW)FSLV
WKDWLWLVDQXFOHDUSKRVSKDWDVHSOD\LQJDUROHLQWKHLQLWLDWLRQRIWUDQVFULSWLRQE\WDUJHWLQJWKH&
WHUPLQDOGRPDLQRIWKHODUJHVWVXEXQLWRI51$SRO\PHUDVH,,3RO,,>@,WZDVVXJJHVWHGWKDW
)FSPHGLDWHV&GNLQDFWLYDWLRQDQGSURPRWHVWKHDFWLRQRIRWKHUSKRVSKDWDVHDWPLWRWLFH[LWLQ
KXPDQ FHOOV >@ 7KXV , VSHFXODWH WKDW )FS VKRXOG EH D VWURQJ DQWDJRQLVW RI *ZO VLQFH LW
LQDFWLYDWHVERWK*ZODFWLYDWRUDQG*ZOVXEVWUDWH,WPLJKWEHLQWHUHVWLQJWRLQYHVWLJDWHIXUWKHUWKH
SRWHQWLDO LQKLELWLRQRI*ZOE\)FS+RZHYHU WKHUHJXODWLRQRI*ZO(QGRVE\33$%DQG
)FSLVVWURQJO\RSSRVHGE\DQRWKHUVWXG\ZKLFKGHPRQVWUDWHGWKDW(QGRVUHJXODWHV33$%
WKURXJKDQXQIDLUFRPSHWLWLRQPHFKDQLVP>@,WLQGLFDWHVWKDW*ZOSKRVSKRU\ODWHG(QGRVELQGV
WLJKWO\ 33$% DQG EORFNV WKH 33$ DFWLYH VLWH ZKLOH 33$% KDV D FRQVWLWXWLYH DQWL
(QGRV DFWLYLW\ ZKLFK LV KRZHYHU OHVV HIILFLHQW FRPSDUHG ZLWK LWV DQWL&GN DFWLYLW\ >@
7KHUHIRUH GXULQJ0SKDVH*ZOSKRVSKRU\ODWHG(QGRVKLQGHUV FRPSOHWHO\33$%DFWLYLW\
IURP GHSKRVSKRU\ODWLQJ &GN VXEVWUDWHV ZKHUHDV DW PLWRWLF H[LW ZKHQ *ZO LV LQDFWLYDWHG
33$% GHSKRVSKRU\ODWHG (QGRV FDQ¶W EH UHSODFHG WKXV 33$% FDQ HIILFLHQWO\
GHSKRVSKRU\ODWH &GN VXEVWUDWHV >@ +RZHYHU WKLV ZRUN VXJJHVWV WKDW *ZO VKRXOG EH
LQDFWLYDWHG EHIRUH(QGRV E\ DQ XQNQRZQSKRVSKDWDVH RWKHU WKDQ33$ D IDFW WKDW FKDOOHQJHV
VHYHUDO SUHYLRXV ZRUNV >   @ $OWRJHWKHU LW LV ODUJHO\ DFFHSWHG WKDW ERWK *ZO DQG
(QGRV VKRXOGEH LQDFWLYDWHG OHDGLQJ WR WKH UHDFWLYDWLRQRI33$% DQG VXFK UHJXODWLRQKDV
EHHQ UHSHDWHGO\ VKRZQFUXFLDO IRUPLWRWLF H[LW+RZHYHU WKH DFWXDO UHJXODWRU\PRGHVRI*ZO
(QGRVDQG33$%DWPLWRWLFH[LWUHPDLQDPELJXRXVDQGFRQWURYHUVLDO$GGLWLRQDOVWXGLHVDUH
UHTXLUHGIRUDEHWWHUHOXFLGDWLRQRIWKHLUUHJXODWRU\PHFKDQLVPVDWPLWRWLFH[LW)LQDOO\DFFRUGLQJ
WRDOOWKHGDWDGHVFULEHGDERYH,SURSRVHGDPRGHOIRUWKHVSDWLRWHPSRUDOUHJXODWLRQRIWKH*ZO
ņ33$%7ZVD[LVLQWKHFRQWURORIPLWRWLFHQWU\DQGH[LWILJXUH

 
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
)LJXUH  $ PRGHO IRU VSDWLRWHPSRUDO UHJXODWLRQ RI WKH *ZO33$ D[LV LQ WKH FRQWURO RI
PLWRWLF HQWU\ DQG H[LW 7KH UHODWLYH UDWH RI QXFOHDU LPSRUW DQG H[SRUW RI HDFK SURWHLQ DUH
UHSUHVHQWHG E\ DUURZV RI YDU\LQJ WKLFNQHVV ,Q LQWHUSKDVH F\FOLQ %&GN LV LQDFWLYH ZKLOH
33$%7ZVLVDFWLYH&\FOLQ%&GN(QGRV3RORDQG33$%DUHPRVWO\F\WRSODVPLF
ZKLOH*ZOLVSUHGRPLQDQWO\QXFOHDU,QHDUO\SURSKDVHF\FOLQ%&GNEHJLQVWRDFFXPXODWH
LQ WKH QXFOHXV DQG EHFRPHV DFWLYH WKURXJK WKH DXWRDPSOLILFDWLRQ ORRS QRW VKRZQ ,Q WKH
QXFOHXVF\FOLQ%&GNDFWLYDWHV*ZOZKLFKPHGLDWHV WKH LQKLELWRQRIQXFOHDU33$%7ZV
E\ SKRVSKRU\ODWLQJ (QGRV  3KRVSKRU\ODWLRQ RI *ZO E\ ERWK 3ROR DQG F\FOLQ %&GN
SURPRWHV*ZOF\WRSODVPLFUHORFDOL]DWLRQEHIRUH1(%'OHDGLQJWRF\WRSODVPLF33$%7ZV
LQKLELWLRQ 7KXV WKH DFWLYLW\RI F\FOLQ%&GN33$% UDWLR LV KLJK WKURXJKRXW WKH FHOO
EHIRUHQXFOHDUHQYHORSHEUHDNGRZQ1(%'$IWHUF\FOLQ%GHJUDGDWLRQDQG*ZOLQDFWLYDWLRQ
33$%7ZVLQDFWLYDWHV(QGRVDQGWKHQGHSKRVSKRU\ODWHVVHYHUDO&GNVXEVWUDWHVOHDGLQJWR
PLWRWLFH[LW 'HSKRVSKRU\ODWLRQRI*ZOE\33$%7ZVPD\FRQWULEXWHWR*ZOQXFOHDU
UHORFDOL]DLWRQ LQ ODWHPLWRVLVZKHUHDV WKH LQDFWLYDWLRQRI*ZOPD\GHSHQGRQDQXQLQGHQWLILHG
SKRVSKDWDVHµ;¶RWKHUWKDQ33$%
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3HUVSHFWLYHV
$V GHVFULEHG DERYH , IRXQG WKDW F\FOLQ %&GN DQG 33$% PD\ KDYH RSSRVLWH
HIIHFWV RQ *ZO ORFDOL]DWLRQ , GHPRQVWUDWHG WKDW F\FOLQ %&GN FDQ SKRVSKRU\ODWH *ZO DW
WKUHRQLQHOHDGLQJWR WKH1/6QXFOHDU ORFDOL]DWLRQVLJQDO LQDFWLYDWLRQ+RZHYHU WKHIDFW
WKDW 33$%7ZV PLJKW DOVR WDUJHW &GN VLWH ņ WKUHRQLQH  RQ *ZO VKRXOG EH IXUWKHU
LQYHVWLJDWHG ,GHPRQVWUDWHG WKDW WKHVXSSUHVVLRQRI%7ZVE\51$L LQDrosophila FXOWXUHG
'0(/FHOOVOHDGVWRDVLJQLILFDQWGHOD\RI*ZOQXFOHDUUHORFDOL]DWLRQDWPLWRWLFH[LW,VXSSRVHG
WKDW WKLV GHOD\ LV SDUWLDOO\ GXH WR 1/6 UHDFWLYDWLRQ IDLOXUH DV WKDW WKH SKRVSKRU\ODWHG 7
UHVLGXH RI *ZO FDQ¶W EH GHSKRVSKRU\ODWHG LQ %7ZV GHSOHWHG FHOOV 7KXV WKH *ZO 7$
PXWDWLRQZKLFKLVVXSSRVHGWRLQGXFHDFRQVWLWXWLYHO\DFWLYH1/6VKRXOGVLJQLILFDQWO\UHVFXH
WKH GHOD\ RI QXFOHDU UHORFDOL]DWLRQ RI *ZO DW PLWRWLF H[LW LQ %7ZV GHSOHWHG FHOOV:H DUH
FXUUHQWO\RSWLPLVLQJWLPHODSVHPLFURVFRS\FRQGLWLRQVIRUWKLVH[SHULPHQW
0RUHRYHUDVGHVFULEHGDERYH , IRXQG WKDW%7ZVFDQDEQRUPDOO\DFFXPXODWH LQ WKH
QXFOHXV , ZLOO FKHFN WKH VLJQLILFDQFH RI WKH ORFDOL]DWLRQ RI %7ZV E\ IRUFLQJ LW QXFOHDU
ORFDOL]DWLRQ,ZLOO WHVWZKLFKW\SHVRIVWLPXOXVFDQWULJJHU%7ZVQXFOHDUDFFXPXODWLRQ)RU
WKLV WHVW , DP SUHSDULQJ GLIIHUHQW DVVD\V VXFK DV'1$ GDPDJH ODVHU UDGLDWLRQ DQG%7ZV
LQWHUDFWLQJ YLUDO SURWHLQ(RUI WUDQVIHFWLRQ ,I , LGHQWLI\ VWLPXOL WKDW WULJJHU%7ZV QXFOHDU
ORFDOL]DWLRQ , ZLOO FRQWLQXH WR ZRUN RQ WKH VLJQDOLQJ SDWKZD\ LQYROYHG LQ WKH UHJXODWLRQ RI
%7ZVORFDOL]DWLRQDQGWKHIXQFWLRQRIWKLVFKDQJHRIORFDOL]DWLRQ

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